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INTBOWCTION 
Jtuch eraphasis baa been, and 1s being, placed on establish• 
ment ot vegetation along highway backslopes. Since control of 
erosion ia of primary importance on bacltslopes, very 11 ttle 
attention has been directed towa!'ds highway medians and fore-
slopes where the erosion probla is less. However, difficul-
ties have already been encounted in many states, both 1n o b-
ta1n1ng and 1n maintaiaing vigorous and attraeti ve turf on 
medians and on shoulders along Interstate highways. 
Shoulder and median areas receive nearly all runoff from 
the ad3acent pavement. Runoff water may contain varying con-
centrations ot cha1 cala detrimental to plant growth. These 
chemicals range from oils and greases to salts that are used 
tor ice reoval. ln recent years use of deicers to keep roads 
tree from ice and snow during winter months has increased. 
These deicers, usually co!IUI.On salts, have recently been corre-
lated with problems 1n establishing vegetat1om adjac.nt to high-
way pavements. In Iowa, d1tr1cul.t1es have been eneeUl'lted in 
establishing vegetative coTer on medians aDd aide slopes along 
Inter8tate eo. These problema haTe apparentl7 evolved troll the 
use of deicers, mostly sodium chloride, at heavy rates. 
The purpo •• of this study ... to detem1ne the extent or 
salt contamination of median so1la at selected locations on 
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Interstate 80 near Iowa C1ty and to evaluate salt tolerance 
and senel"&l growth eharactertst1cs ot several prairie and 
introduced &rassee. 
UVIEW OP LI'l'DATUBE 
Grasses and Roadside Problema 
Increased aphasia on estab11shaent and .. tnteunce ot 
highway medians and aide slopes sho\tld result in iaproved natu-
ral sceic beauty and preventin of erosion. Erosion is most 
ettectivelr and economically prevented and controlled by pro-
ducing a thick vegetative cover. !oth grasaea aDd legumes have 
been provert of value. 
Astrup (2}, a laBdsoape engineer in Sal•, Oregon, points 
out that his highway department used twe basic seed mixtures at 
rates of 2S pounds per acre on their median aJtd level areas 
(Table 1). 
Astrup (2) alao stated that at 25 po\mds per acre the7 had 
2S2 seeds per square toot in the first formula and 812 seeds 
per square toot in the second mixture. All seeding was done by 
hydroseeders and top soil was not used except in special situa-
tions. Mulching with straw or bay generally was included in 
their seeding program.. Aatrup (2) adaitted that in western 
Oregon favorable cond1 tiona exist in most areas tor growing 
grass, and he considered their seeding rates to be more than 
adequate. 
In Marrland (11) a seed mixture is used at a rate of 118.25 
pounds per acre on aed1ans (Table 2). This rate is verr h1sh, 
renlting in approrl11atel7 2189 seeds per square toot (t.S seeds 
per square inch}. Six seedlings per square inch are considered 
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Table 1. Seed mi:rtures used 1n Oregon 
Type of seed 
Perennial r7egrass 
Common ryegrass 
Red creeping fescue 
Chew1ngs fescue 
Alta rescue 
Dutch, white clover 
Highland bent 
Mixture 1 
Level ar•s 
(per cent) 
40 
:30 
1.5 
1.5 
Table 2. Seed mirture used 1n Maryland 
Tn>e or seed 
Chewing fescue 
Kentucky Bluegrass 
Red top 
Perennial ryegrass 
Alaike clover 
M1:rture 2 
steeper eu t s 
and fill slopes 
(per cent) 
24 
12 
12 
12 
16 
12 
12 
Per cent 
:3.5 
40 
1.5 
.5 
.5 
adequate (11). Where roadsides are seeded at a rate of 20 
bluegrass seeds per square inch or one pound of' bluegrass per 
1000 square feet, a :30 per cent stand can be expected (11 ). 
It generally takes 2 to :3 months for bluegrass rhizomes 
to develop. In some instances where sod has been used, there 
were reductions in surface ero s1on, increases in surface 
stabilization, and a better holding of grade and contour than 
where seed was used (11). It has been found that the better 
5 
the sod, the more concentrated the rhizomes in the upper nine 
inches ot soil. The cost or sodding is about five times that 
ot seeding, but in many instances this cost 1s reasonable and 
should not be considered excessive in the long run (10). 
Use or jute mesh on highway median strips, roadside 
ditches, critical backalopes, and till slopes has become an 
economically feasible means of preventing erosion, thereby 
leading to better establishment ot grass waterways. This pro-
cedure has proven more economical than sodding in many 
instances (46). 
In Kansas and several other Grean Plains states Highway 
COmmissions specify mixtures of: Western wheagrass, Blue 
grama, Buttalograss, Bromegrass, Big and Little bluestem, 
Switchgrass, Side-oats grama, Prairie dropseed, Sand dropseed, 
Spike redtop, Intermediate wheatgrass, Crested wheatgrass, Mea-
dow fescue, Sand lovegrass, Redtop, KentuCky bluegrass, Domes-
tic ryegrass, red and white clover, Timothy, Rye, Wheat and 
Oats (17). These grasses have been used 1n mixtures to estab-
lish permanent and, in some instances, temporary stands (17). 
A hardy grass must be chosen to survive along roadsides, 
especially along Interstate highways. It is difficult to 
anticipate all the differences in micro-climate, soil seepage, 
and slope characteristics that occur in these areas. It is 
usually more economical in the long run to mix different 
species, thus broadening the range of adaptiveness of the 
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seed mixture. Better adaptable species and cultivare for a 
particular area should be included in seed mixtures. 
In Michigan, a Kentucky bluegrass - red fescue mixture 
supplies suitable plant material tor both clay and loam.s and 
tor poor, sandy soils ( 40). The road bed is a heterogeneous 
mixture of soils, and the micro-climate associated with these 
areas is important in the establisbnent of vegetation. Grass 
must adapt to the planting site. 
In Iowa, a seeding rate between 37 and 71 pounds per acre 
is being used in median and side slope areas along Interstate 
highways (Table 3). This rate of seeding is considerablJ less 
than seed rates used in other areas of the United States. 
This is partly due to well prepared seed beds and the use of 
approximately .500 pounds of inorganic fertilizer in the seed 
bed. Examples of seed mixtures used in these median and side 
slope areas are listed in Table 3. 
Speed of germination is one of the factors of major im-
portance which influences the value of grasses for use on 
roadsides. Time required for grass germination is related to 
the rate of seedling growth. Grasses which germ.inate in the 
shortest time also make the moat rapid seedling growth, speed-
ing up establishment 1n these two ways. 
Few, 1f any, roadside seed1ngs fall because insufficient 
seed was planted. P.a1ltures are due to inadequate fertilizer, 
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Table 3. Seed mixtures used in Iowa• 
T)"pe of seed Mixture A M1xture B M;xture c 
(pounds per acre 
Kentuck~ 31, fescue 25 12 10 
Kentucky bluegrass 20 6 
Bard ( Durar) fescue s -Western wheatgrass s 5 -Redtop 3 2 2 
White clover 3 - -Perennial ryegrass 10 6 
Brome (Lincoln) 6 -SWitchgrass (Blackwell) 4 -Sand drop seed 3 
Alfalfa ( Vemal) - 5 Hairy vetch 8 
Orchardgrass 6 
Alsike clover - 3 Birdsfoot trefoil (Bmpire) 4 
Total 71 45 37 
8 M1xtures used in median and side slope locations along 
Interstate highways according to Quinn, Paul D., Ames, Iowa. 
Data from Iowa H1gh Collllllission. Private communication. 196,5. 
poor preparation of seed bed, insufficient mulching, or an 
unfavorable development in the weather (11). Sparsed d1s-
tr1 bution of seed may account for lack of uniform! ty in. 
stand. 
When working with a given fixed cost figure, 1t is con-
sidered wise to use more fertilizer and less seed than is 
normally used on roadsides (11). ])avis (11) points out that 
a mulch is much more important on poor roadside soils than on 
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good soil. COnditions associated with poorer soils in many 
instances do not enhance germination. Fertilizers sttmulate 
growth of seedlings and reduce the time required to establish 
vegetative cover (11). However, all too often little emphasis 
1s placed on use of fertilizers for developing dense sturdy 
roadside turf. 
Factors Affecting Plant Growth 
Growth of plants is controlled by two groups of factors: 
one, hered1 tary and two, environaental, or a combination of 
the two. One of the most fundamental principles of plant 
growth is that all variations in quantity and quality of growth 
are caused by variations in internal physical and chemical 
processes or conditions. There is no change in quantity or 
quality of growth in plants unless there has first been some 
change in the rates or kinds of internal processes or condi-
tions. Thus, it is important to study the relationship or 
clore correlation between ecology, the study of the physiologi-
cal processes of the plant in relation to 1ts environment, and 
plant physiology (8). Chadwick (8) lists the important growth 
factors as water, gases, temperature, light, and nutrients. 
It is understood that soil may have a direct effect on all of 
these factors except light. Thus these five factors influence 
the germination of seed. 
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Native Prairie Grasses and Introduced Species 
Man7 native and introduced grasses have a place ot eeonom.-
1c importance along large stretches or open area boal"dering 
both sides or the vast Interstate Bighwa7 Q'stem throughout 
the Midwestern states. Cond1 tiona alone; medians and roreslopes 
ot Iowa Interstate Highways are 1n man7 instances not desirable 
tor gera1nat1on or seed and growth ot grasses now used 1» se~ 
mixtures. Obstacles to growth BUGh as lar.ge &Blounts or runctt 
water Gonta1n1ns salta, harmful eha1oala, wind, lUlfa:vorable 
soil conditions, low rert111ty, and varied miel'O-climatea pre-
sent probl•• in eatab11sh1ng turt. All of these factors (12) 
point to the need or formulating seed mixtures w1tb grasses 
that can readily adapt to diverse conditions along the Inter-
state syatc, 
Midwest prairie grasses on Hads1de location have poten-
tial value. Mixtures of native grasse8 aD4 legumes are gers.eral.-
17 more product! ve tn terms of total 7ield and are aore pena-
nent than pure stands ( 1}. Also, grasses trom native prairlea 
have been used in the we stem part of Iowa ( 1 ) • These grasses 
have withstood mowing several times a year at a cutting height 
or five to seven inches. The upland prairie dominants include 
Little bluestem, Prairie dropaeed, Poroupinegrasa. Side-oats 
gram& and J'unegrass. The lowland prairie dominants include 
Big blueatem, lndl&n!:r&SS, canadian w1ld-ne, Sw1tohgrass aDd 
Slougbgrass (1). The upland prairie dominants do not seem to 
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give extensive ground cover only three to five per cent, while 
top cover appears to be 1 oo per eet ( 1). All or the lowland 
pra1r1e dominants spread b;r rh1scomes. Wild-rye is the slowest 
spreader ot the tiYe. Prairie grasses, with the exception or 
Porcupinegrass, ••• to be able to keep out weedy grasses. 
~t1ptteloDI 
Salt Tolerance and 
Salt Injuries or Grasses 
Soils attect grass yields by influencing stand and total 
growth. Three primary factors are 1nvolYedt (1) moisture 
ava11ab111ty, (2) nutrient ava1lab111ty, and (3) phJs1cal 
conditions. A tourth taotor, excess salt present 1n the soil, 
may inhibit plant growth. The alt may be natural in occur-
rence or ma;r result trom an accuulat1on ot chemical compounds, 
such as tert111zers, Pbstances used tor snow and lee removal, 
or materials to keep dust down. 
The Iowa Highway Commission uses mostly SOdiwa Chloride, 
laCl., and Calciwa Chloride, ea012 , for anew and ice reoval. 
Use ot these two salts ia believed to have renlte4 in salt or 
alkali cond1 tions in. soils on BUtd1ane and at de slopes along 
Interstate ao. Three major aspects ot salt on plant growth 
ahould be oonsid.ered: (1) the physiological bans ot salt and 
alkali tolerance, (2) salt tolerance as related to the life 
cycle or the plant, and (J) apec1t1e1ty 1n salt tolerance. 
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concepts relative to saline and alkali soil are desert~ 
as follows (50)t 
1. Alktl\p.t&S!n - A process whereby the exchangeable 
sodium content ot the soil is increased. 
2. §al1n1gt1op - The process of salt accumulation in a 
soil. 
Other terms includes 
1. 4lit11 &oil - A ao1l that contains euff1o1ent exchange-
able sodiua to interfere with the growth or aost c:oop 
plants, either with or without appreciable q'WU'lt1t1es 
of soluble salts. 
2. lglal\M=alka11 8911• .. A soil which contains suft1-
c1ent e:rchangeable aod.ium to interfere with the growth 
ot moet crop plants and does not contain appreciable 
quantities of soluble salta. The •xcbaft8e&ble aodium-
percetage is greater thaD fifteen, the oond:u.et1rtt;y 
ot the aatu.rat1on extract 1s lese than four m.illimhos 
per centimeter at 2$0 c and the pRof the aaturatctd 
soil usually varies between 8.5 and to. 
3. aal1nt·tlkal\ so1J.s • A soil containing auff1c1ent ex-
chaqeable sodium to 1nte:rtere with the growth of most 
crop plants and containing appreciable quantities of 
soluble salts. '!'he exchangeable sodium-percentage 1e 
greater than t'itteen. and. the eonduct1rtty ot the 
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-.turation extract is greater the tour m11111(9a per 
centimeter (at 25°C). The pH ot the saturated aoil 1s 
usually lees than e.s. 
4. Sll,ID! 12\l ... A nonalkali soil containing soluble salts 
in such quanti ties that they interfere w1 th the growth 
ot aost crop plants. The cond.uotiv1t7 ot the satura• 
tion extract is greater than four aillimhos per centi-
meter (at 25°C), the exebangeable-so41um-percentage is 
less than fifteen and the pH of the saturated soil 1s 
usually less than 8.5. 
fb.t•lgl,otdcflr 'bafil 2.t ~ tol,vuu 
The term •salt" as used by the eh•ist applies to a long 
list ot substances of which sodium chloride, common table salt, 
1s the best know. Most fertilizers supply essential plant 
nutrienta in the toN of salts. lfutrients are non.all;t: &"Yail-
able to plants in the torm of 80luble salts in the soil. 
BoweYer, too great a supply of salts can become ha:natul. When 
soluble sal te are present in such an excess that the7 injure 
plants, the soil 1e said to be saline. It is important to 
understand what constitutes the phJsiolog1cal capac1t7 of a 
plant to tolerate saline-alkali oondit1ona. 
The Mlt tolerance ot a •ar1et7 or a species m.ay, 
according to H. 1. Hayward and c. B. Wadleigh ( 25) • be evalu-
ated in three ways1 
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1. By the capacity to persist 1n the presence of 1n• 
creasing degrees of salinity. 
2. By the productive capacity of a plant at a given 
level or salinity. 
). By the relative performance of a plant at a given 
level of salinity as compared to its performance on 
a comparable nonsaline soil. 
Everything considered, defining salt tolerance on the 
basis of yield in relation to that obtained under nonsaline 
conditions is preferred tor general agronomic conditions 
according to Hayward and Wadleigh (25). Natural character-
istics of halophytes, salt loving plants, should be considered. 
Uphof (49) was unable to explain the specific physiological 
conditions resulting in salt tolerance of halophytes. Fitting 
(1.5) found osmotic pressures of 100 atmospheres or :more 
in fluids of plants growing on dry or highly saline soils, 
whereas those plants growing in moist nonsaline soils had an 
osmotic pressure of between ten to twenty atmospheres. Barris 
.!! a!· (20) made the generalization that the osmotic pres-
sure of various species tended to Tary 1f1 th the physiological 
scaraei ty of water in the envirol'Jllent in which plante were 
growing. There may be a wide variation in the osmotic pres-
sure of tissue fluids depending on the environmental stress 
under which the plant is growing (20). Much of the variat~on 
in osmotic pressure of tissue fluids was found to be associated 
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with variation in chloride content, but not all of it (25). 
Hayward and Wadleigh (25) stated that only those plants should 
be considered halophytes whose protoplasa is relatively re-
sistant te high accumulations of sodium ions in the cell sap. 
Halophytes have at least three attributes which are important 
to their survival on saline soil (25)t 
1. The capacity to develop rather high osmotic pressures 
of tissue fluids to compensate for increased oSilotic 
pressure of the substrate. 
2. The capacity to accumulate considerable quantitiesof 
salts in tissue fluids and to regulate that accumula-
tion. 
~. A protoplasm which is characteristically resistant to 
the deleterious effects of accumulation of sodium 
salts in the cell sap. 
In order for a given species to survive under saline con-
ditions it must be able to exhibit the same essential attributes 
as described above for halophytes. The physiological reasons 
tor survival of halophytes under saline conditions change 
somewhat with each species when plants are grown in nonsaline-
alkali soils according to H111gard (26). 
Alkali or "black alkali" soils as described by Black (4) 
result from the migration of organic matter to the surface of 
the structural so11 units as a result of evaporation of water. 
The color or the soil is darkened in this wa7, thus the term 
"black alkali". 
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According to Hayward and Wadleigh ( 2:S) the following three 
soil conditions influence plant growth 1n alkali soils: 
1. Soils high in exchangeable sodium blt ha111ng a moderate 
pH. 
2. Soils high in exchangeable sodium but w1 th pH of 8. 5 
or above. 
:;. Bolls high 1n exchangeable sodium, but with a con-
siderable accumulation of titratable carbonate. 
Wadle1eh (52) found that Rhodes grass and garden beets 
were very sodium tolerant at a pH of 6.5. tt has been sug-
gested that the species which are more tolerant to high levels 
of exchangeable sodium normally take up considerable amounts 
of sodium, whereas the more sensitive species normally tend to 
exclude sodium (24). 
:h!IU 2t alt !!2YB&t 
Steward (4:3) tried to tom an adequate picture ot the 
plant body as an integrated nutr1 tional system. It should be 
possible to 11isual1ze the following events ln sequence. First, 
the aco\Uilulat1on of ions in various regions of the root in 
relation to 1ts aorpholog;y and manner ot growth. Second, the 
movement ot ions tl'Om cells in which the:r we:re in1t1all7 accu-
mulated into tis1111es et the stele 1n which longitudinal move-
ment over long distances occurs. Here, translocation is re-
lated to eell structure and tissue formation in roots with 
emphasis on endod.em1s. Third, ults having penetrated the 
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vascular tissues, the manner in which the longitudinal move-
ment occurs over long distances must be speci~ied, either as 
active or passive absorption. Finally, the physical state of 
the ions alone or in association with a carrier during trans-
location needs to be specified (43). 
Availability of salts to plants growing in soil may be 
explained by two hypotheses. The first relates to carbon di-
oxide production in respiration and release from the root to 
form carbonic acid in the soil. There it replaces cations on 
the clay surface (r~ replaces K+ Na+). The released ions dif-
fuse back to the root surface accompanied by bicarbonate ions, 
where they are absorbed either by exchange for H or as ion pairs 
with bicarbonates. Diffusion of bicarbonate ions not absorbed 
as rapidly as K ion has been noted in short term experiments 
with barley roots (43). The second hy,pothes1s states that ions 
may be transferred from soil particles to the root and vice 
versa without passing in free solutions (35). Overstreet (35) 
claims that electron bonding ot surface particles causes them 
to isolate and then thermal agitation of the ions is reduced. 
When ions overlap, one may exchange for another - contact ex-
change. It is difficult to believe oytoplaan comes in contact 
with the root soil interface. There is no single mechanism ot 
ion accumulation in all cells that can be regarded as experi• 
mentally and finally established. However, it is generally 
agreed that metabolism in the cell is inwlved because work is 
done in moving ions from a low to a high concentration. 
1'7 
Oxidative proce!ees supply energy.. Some orp:an1c carrier eom-
plex systeme to which ions are bound may be involved in trans-
portation of ionr across membranes. ~etabolic processes may 
be involved 1.n ord.er to d1 splaee these ions from the carrier 
(43). 
J!l! ttl!D:PP! u related IQ. the Uti. cTtle 2.! Plots 
The effect or salt on the lite cycle of plants should be 
considered with reference to two phases of plant growth; i.e., 
(1) germination and seedling growth and (2) vegetative growth 
and maturation. 
Buffum (7) concluded that the retarding effect of a salt 
solution on germination of seeds is in direct proportion with 
1ts oemotie pressure when the solutions are strong. Slosson 
and Buffum (41) and Stewart (4lt) found that if the oamotic 
pressure was high enough, no germination occurred. Howner, 
it wae also noted that each species exhibits its own salt 
tolerance with respect to germination. Determination• of 
tolerance of a species should be made under controlled condi-
tions not in the field. Under field conditions the amount of 
so 11 moisture ohanges w1 th respect not only to saline cond1 t1ons 
but also to evaporation, capillary transmission and rainfall. 
~he degree of toYieity of salts was stUdied b7 Harris (18). 
He found the relative toxicity of soluble salts to be in the 
following ordera NaCl > eae12 > KCl > MgC12 > KN03 > Mg(N03)2 > 
Na2co:; > Na2so4 > MgS04. Harris and Pittman (21) compared the 
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relative toxicity of NaCl at concentrations of 0 to 4,000 ppm 
and Na2C03and Na2S04 at concentrations up to 10,000 ppm at 
moisture levels ranging from 20 to 32 per cent. Up to 1,000 
ppm all·:salts were beneficial, but above 1,500 ppm all salts 
were increasingly toxic chloride being most so, sulfate the 
least and carbonate in between. 
Uhvits (48) stated that high concentrations of sodium 
chloride are toxic. She found that germination was virtually 
inhibited when NaCl was used in solutions of 12 to 15 atmos-
pheres. Uhvits (48) found that an increase in the mean green-
house temperature of 5°F reduced the per cent germination at 
all treatment levels of salt, the difference being more 
pronounced at higher salt levels. 
It has been concluded that germination is retarded or 
inhibited by the presence of soluble salts in the soil and 
this effect is related primarily to the osmotic pressure of 
the soil. Also, certain ions or salts may be toxic at high 
concentrations to both embryo and seedlings. Furthermore, at 
high temperatures per cent germination decreases with increased 
temperature above optimum levels in the presence of high osmotic 
concentrations or salt, according to Hayward (25). 
Vegetative growth is retarded as osmotic pressure of the 
substrate is increased (24). Buffum (7) noted that plant 
growth is in proportion to the amount of salts present in the 
substrate to a certain concentration then plant growth is de-
creased as salt concentrations become toxic. Similar 
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conclusions were reached by Harris (18), Harris and Pittman 
(21) aDd Baton (14). Magiatad (32), in a study of the effects 
ot salt on legumes, found no evidence that there is a specific 
solution concentration which may be rega.N.ed as erlt1oal, but 
rather there tended to be a linear relation~hip between growth 
reduction and increases in salt concentration ot nlutiona as 
expressed in atmospheres. 
The first effect ot increasing concentration of salt on 
vegetative development is usually a reduction in rate of 
growth wh1ch ma.y not be accompanied by any Visible S1l1Ptoms 
of 1nJurr. Eaton (14) noted that under marginal conditions of 
salinity and in the absence of detectable symptoms ot salt in• 
jury, it is difficult to recognize salt effects under field 
eond1 tiona. 
The first physiological reaction to increased salt con• 
centration is reduced entry of water into the roots (24• 30, 
38). This tends to inhibit mer1stemat1c actiT1ty and elonga• 
t1on ot the root (24). Barter (22), working with wheat, oats, 
and barley, tound that increasing the salinity 1n a nonaaline 
soil ltaused leaves ot these grasses to develop a pronounced 
waxy bloom, a thickened cuticle, and the size of the ep1densal 
cells ns decreased. Uphof (49) noted that haloph,-tea had a 
tendency toward aucculen.ee by having thicker leaves and stas. 
Hayward and Spurr ( 24) noted that when chlorideg were present • 
a charaoter1st1o SJllptom 1s ine1p1ent chloresis accompanied 
by a d:rJing and a brom1ng of the apex of the leaf blade. 
20 
Ini t1al tip burn 1 s usually tollBwed by progress! ve 1nvol ve-
ment of additional tissue extending along the margins of the 
blat!e until r.~ne-hs.lf to two-th1rdEr, or 1n some 1netances the 
entire surfaee, becomes brown and necrotic. 
S..l t Tolerance ot Specific Grasses 
Forage plants, ~raeses, and legumes, as a rule, exhibit 
the highest de~:ree or sa.lt tole:ran~e on tl!e.line soil~ (19, 28, 
)2). Rowever, there 1s a marked difference from species to 
R?ec1es. Vork done at the u.s. Salinity Laboratory {50) has 
shown the f'ollowtng grasses to he among the most salt tolerant 
in the Un1 ted States: alkali saoa ton ( §l?ol2J?olus airq&dt@), 
saltgrass (J)i§t1c:Ul1J §trlcta), nutta11 alkal1grass 
( 
(PUQQ!D!J.rlll Patt&lliana) * Berm.udagrass (Czptdon !liSGif:zlon), 
Rhodeagrass (Qbloris S:V=\!f!) • western wheatgrasa (AWQZD!P 
smJth11) t and tall wheatgrass (agropnqp H9DA!n.w>. These 
grasses are able te tolerate an ECe, electrical conduot1v1 tY. 
of the eaturat1on extract of soil in mill1:mhos per centimeter, 
between 8 and 12 mm.ho e and some of them may survive when the 
ECe goes as high as 16 or 18 aocerding to Hayward and Bernstein 
( 2:3). Pearson and Bernstein C.36), working w1 tb four grain and 
two grass crops, found the relative tolerance of these grasses 
to exchangeable sodium to be as follows: tall wheatgrass > 
barley > wheat > rice > tall teseue > oats. 
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The next group of tolerant forage grasses inoludes 
Orehardgrass (PJ:ttzl.J.I !lr<U!ttatl), blue grama (ts,ut!JrO'M 
arat11&1), meadow fescue (ltft!f! lk&ttqr), reed eanarygrass 
(Pb!lar&c a.tlYUUnacee), and smooth brome (Jkomus 1nem1a). 
These grasses produced fair yields in the range of' tour to 
eight mmhos. Studies at Biverside, oal1fern1a, by Wadleigh 
and Gauch (52) indicated that the less tolerant rorage grasses 
noted above are :more seriously injured by salts as soil tem-
peratures increase. Porsberg (16) conducted greenhouse tests 
using natural saline soils. Slender wheatgrass (Aa!92Wn 
S:taobz:Mulg) and tall wheatgrass (.4Q'2RZ:I!U1 tJ:tPOtg) were 
the most resistant of the grasses tested. He also stated that 
slender wh$atgrass did better than tall wheatgrass under drier 
eond1t1one. 
Moderately resistant grass•s included comuutre1al brom.-
grass (B:rqmus 1ruma1g), Bee intermediate wheatgrass (AIDRZ£21 
PYB&tDf), Fairway crested wheatgrass (ASI22ll2n srtstatva), 
Canadian wild-rye (ILYJ!UI 2Jmag.e;§1.s), and Russian ldld-r;re 
(lllll\1 Jb.it!lfJ). MoKenz1e and Bolton (33) found that 1n 
saline areas ot Saskatchewan, slender wheatgrass (A£l2J!1f9D 
trtcbzal!la), bromegrass ( ~roqg 1U!m~ a), crested wheat-
grass <Ampx;on dtitltol'!flll meadow fescue (!e§tuy tl.ttlot), 
tall feseue (ftltil' argpdinagea), and. reed canarygrass 
(fhalara:s a;:;md\DezOH) were best adapted to saline soil 
conditions. 
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EXPERIMENT I 
Interstate 80 - Iowa City Location 
Qb.1ectivt 
Tb verify the existence of a salt gradient along shoulder 
and median areas at selected locations on Interstate 80 and to 
determine soluble salt levels. 
Materials ~ methods 
Soil samples were taken from six areas along Interstate 
80 (adjacent to station marker 657, 671, 699, 750, 794 and 
822). At each area eight samples were taken representing soil 
conditions on both tore slope and median locations (Figure 1). 
Each of the eight samples consisted of five cores of soil taken 
to a three inch depth. Samples were taken on January 21, 1965 
and on April 8, 1965. A chisel and hammer were used to obtain 
samples from frozen ground in January. A soil sampling probe 
was used for obtaining material in April. 
Highway pavement adjacent to station markers 657, 671 and 
699 was treated with deicer during 1964-1965 {winter) but not 
during 1963-1964 (winter). Station markers 750, 794 and 822 
received deicers during both 1963-1964 and 1964-1965 (winters). 
Rate of application of deicers is shown in Table 4. 
2) 
Table 4. Application of sodium chloride on Interstate 80 in 
Johnson County, Iowa, during the winters of 1963-
1964 and 1964-1965• 
Winter of 196)-1964 
Date Application rate of 
salt (pounds per 
mile Rer 2 lanes) 
11-22-63 
12-1-63 
12-3-63 
12-4-63 
12-8-63 
12-8-63 
12-8-6) 
12-11-63 
12-11-63 
12-12-63 
12-24-6) 
1-1-64 
1-2-64 
1-8-64 
1-8-64 
1-19-64 
1-19-64 
2-9-64 
2-12-64 
2-13-64 
2-1,5-64 
2-15-64 
2-15-64 
2-18-64 
2-18-64 
2-18-64 
J-4-64 
3-5-64 
'3-8-64 
3-8-64 
3-20-64 
3-20-64 
3-24-64 
3-24-64 
3-24-64 
250 
350 
)50 
300 
)50 
)50 
400 
300 
)00 
)00 
325 
325 
)00 
350 
250 
300 
)50 
350 
350 
325 
300 
)50 
)00 
225 
225 
225 
325 
325 
)00 
300 
300 
300 
350 
300 
300 
Winter of 1964=1965 
Date Application rate of 
salt (pounds per 
mile per 2 lanes} 
11-20-64 
11-20-64 
12-1-64 
12-4-64 
12-8-64 
12-28-64 
1-4-65 
1-8-65 
1-22-65 
1-23-65 
1-23-65 
1-23-65 
1-23-65 
1-26-65 
1-26-65 
2-6-65 
2-7-65 
2-7-65 
2-7-65 
2-8-65 
2-11-65 
2-11-65 
2-11-65 
2-12-65 
2-25-65 
3-1-65 
3-2-65 
J-2-65 
3-3-65 
)-4-65 
3-5-65 
3-5-65 
J-13-65 
3-14-65 
3-17-65 
400 
)50 
)50 
)50 
350 
)00 
300 
300 
)50 
350 
250 
250 
250 
350 
300 
300 
350 
350 
350 
300 
)00 
300 
)00 
350 
300 
500 
500 
500 
250 
)00 
450 
450 
500 
JOO 
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8 Quinn, Paul D., Ames, Iowa. Data from Iowa Highway 
Commission. Private communication. 1965. 
Table 4 (Continued) 
Winter of 196)-1964 
Date Application rate of 
salt (pounds per 
mile per 2 lanesl 
3-25-64 
3-25-64 
3-28-64 
3-29-64 
Total 
300 
300 
250 
350 
12,400 
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Winter of 1964=1965 
Dlte Application rate of 
salt (pounds per 
mUe per 2 lapes) 
3-23-65 500 
Total 12,485 
Soluble salt readings were obtained from these samples 
by measuring the conductivity of a 1:2 soil extract (1 part 
of soil to 2 parts by weight of water). Extract conductivity 
was determined by use of a wheatstone bridge (9) and readings 
recorded in mhos x to- S at 25°C. 
Result@ 
Data indicates that there were salt differences present 
along the shoulders and in the median areas (Table 5). High 
concentrations of salt were found on shoulders and level 
areas and throughout the first ten feet from the pavement in 
median areas (Figure 2). 
Mechanical analysis of soil (29) from these areas re-
sulted in a range of sand - 54.5 per cent to 68 • .5 per cent, 
silt - 15.8 per cent to 25.1 per cent and clay - 15.6 per 
cent to 20.3 per cent. 
25 
Fore-
Fore-
slope 
Pavement G r--------------v 
Median -~ ___ P_a_v_e_m_e_n_t ______ ~slope 
A 
Letters indicate relative location of sampled soil. 
P1gure 1. A cross sectioD of highway aed1an and side slope 
areae 
Fore-
s.lope Median Pavement Pavement 
Numbers indicate distance from pavement in which 
soils had the highest soluble salt readings. 
Figure 2. Location or high salt contamination on highway 
aed1an and side slope areas 
Fore-
slope 
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Table ,5. Soil samples taken :from e1x locations along 
Interstate 80 
Treatment LQoatton lf!nuaa ~1. 126~ AJ2'~~ 8,1 !26 5 
Sta- Sam• Soil Soluble 8011 Soluble 
tion ple pH salts a pH Nllts a 
Highway 657 A 8.?,5 so 8.?.5 91 
not salted .B 9.,,; 120 9.80 70 
1963-1964- c 8. 5 40 a.so 68 
salted D 8.25 40 8.2.5 15 
1964-196.5 E 7.70 110 7.75 82 
F 8.:3; 440 s.so 1.51 
G 8.55 260 8.80 90 
H 8.60 105 8.70 115 
671 A 8.4,5 70 ~.60 12.5 
B 8.65 )8 8.80 ?4 
c s.oo 44 8.20 38 
D 8.00 32 8.2.5 47 
E 8.10 28 8.2.5 62 
F 8.15 29 8.00 1.50 
0 8.65 ~ 8.6,5 163 B a.os 8.1,5 39 
699 A 8.6,5 82 8.80 120 
E 8.10 42 8.20 ?0 
c a.oo )6 a.oo 36 
D 8.1.5 29 8.20 29 
E 8.00 32 8.20 51 
F 8.6,5 64 8.65 90 
G 8.?0 70 8.70 101 
H 8.60 59 e.7o 132 
Highway 7.50 A ?.90 55 8.00 60 
salted B a.oo 120 a.oo 132 
196)-1964 c s.oo 102 e.to 122 
salted D 8.20 46 8.)0 57 
1964-1965 E 8.10 39 s.to 48 
F 8.65 120 a.as 163 
G 8.75 137 8.90 185 
H 8.80 142 8.90 225 
aconduetivitv readings in mhos x 1o-.5 at 2~c.~ K values. 
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Table S (Continued) 
Tr•taet LtaSil!l i;guarz 2& •bf!6~ ua:~l a. ~2§! 
Sta• -- So1l Solu. e Soil seiuble tion ple pH •lta a pH Dlta a 
794 A 7.80 15 a.oo 170 
B 8.30 40 8.25 37 
c 7.95 )0 7.80 )) 
D 8.00 lt s.oo 42 I 8.)5 8.)0 '~ p S.).S 46 8.)5 G 9.2$ 66 9.80 98 
R a.so 6.S s • .s.s )) 
822 A. 8.60 61 a.so 149 
B 9.20 55 9.25 64 
c 8.25 )0 8.).5 66 
D 8.)0 28 8.40 '1 E s.ts 40 8.25 88 , 7.65 32 1.65 130 
G a.5s 5i 8.75 190 H 8.95 8.95 55 
UiiU•Il!D: 
Based on pH and cenduct1v1t;r readings ot the extract, 
these Hila would be olaas1t1ed as nonsal1ne-alkal1. It 1a 
asSUled that the exchangeable sod11Dl percentages exceed tit-
teen and that solubl ... alt contents are low. Uauall;r the pH 
readings al!'e higher than 8.5, bnt 1ta7 be lower tt the exobange-
able-sod1Uil percentage does not exceed titteen or 1t alkaline-
earth carbeutea are absent. Gypna seldom. occurs 1n these 
eo1ls. The most colllllon soluble cation is sod1'WI, alld 
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appreciable amounts of this cation may be present as the 
bicarbonate and carbonate salts. In the saturation extract, 
the adsorption ratios of sodium to other cations may be quite 
high. Replacement of exchangeable sodium is required for its 
reclamation. 
The arrangement of soil particles into crumbs or aggre-
gates that are more or less water stable is an important 
aspect of soil structure. Alkali soils have a dense, blocky, 
single-grain structure which is hard to till when dry, and 
has a low hydraulic conductivity when wet. This is generally 
because the aggregates, and also the pores, of such soils 
are not stable. The aggregates slake down in water and the 
pores become filled with fine particles. 
High salt concentrations seem to result from salting 
highways during winter months. Records obtained from the Iowa 
Highway Commission revealed that 12,400 pounds of salt were 
applied per mile on each side of the divided highway. Appli-
cations were made between November 22, 1963 and March 29, 
1964 as well as during a similar winter period of 1964-1965. 
Soil tests conducted on January 21, 1965 and April 8, 
1965 showed that the specific conductance in mhos x 1o-5 at 
25°C, K values for salts ranged from 28 to 440 (Table 5). 
According to New York State's Department of Agronomy, the 
toxicity of a single salt such as, sodium chloride is greater 
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Table 6. Soluble salt readings for greenhouse soils8 
Soil and plant conditionsb 
Unfertilized, leached field soils 
Soluble salt content critical for 
growth of salt-sensitive crops 
Severe injury to plants 
Soluble salt content crtical for 
germination 
Critical salt content of soils 
flooded with sea water 
below 15 
above 200 
above ;oo 
above 100 
100 
aThese K values were obtained from unpublished data of 
the New York Agriculture Experiment Station, Department of 
Agronomy. 
bOomposited soils as normally prepared by greenhouse 
operators and plant growers. 
C!{ = specific conductance in mhos X to-5 at 2_s0C. 
than that of an equivalent amount of a mixture of salts. 
For this reason, injury to sensitive plants growing in soils 
flooded with sea water begins at K values of 100 (Table 6). 
In order to convert the K value to pounds per acre fur-
row slice a factor of twenty is used (9). For example, K 
value of 100 when converted to pounds per acre furrow slice 
equals 2000 pounds of NaCl. According to data from the u.s. 
salinity La;boratory (50) a relationship has been established 
between conductivity in m1llimhos per centimeter and the 
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concentration of sodium chloride in milliequivalents per 
liter and per eent sodium chloride (Figures 3 and 4). From 
the results of so11 extract conductivity readings, it was 
noted that at least one sample from each location contained 
readings above the critical 100 level. It must be concluded 
that excessively high levels of sodium chloride are present 
along shoulders and in median areas at certain locations of 
the Interstate (Figures 5 and 6). 
Readings below 100 may also be injurious to vegetation. 
Critical K values given in Table 6 for greenhouse soils do not 
apply to field soils where low moisture content may adversely 
affect plant growth (9). Because the total concentration of 
soluble salts in the soil solution is greatly increased upon 
drying injury caused by excessive amounts of salts will be 
increased as soil moisture decreases. 
Hence, the optimum and critical K values given above for 
greenhouse soils should be reduced by a factor of at least 
one-half when applied to non-irrigated field soils (9). 
Another factor that should be considered in interpreting K 
values is the organic matter content of the soil. The higher 
the organic matter content, the higher is the critical K value 
at which injury will occur (9). Therefore, in an area such as 
along Interstate 80, where subsoil and glacial till are domi-
nant low organic matter contents are expected and soils dry 
out readily (Figure 6). This explains the difficulty in 
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P1 re 5. E-cellent st nd of alfalfa on Io Inter tate 80 
foreslope . dequate soil condition made ossible 
the establ shm nt or plan cover all the way up 
the slope to the pavement 
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Figure 6. Complete failure of alfalfa stand on Iowa Inter tate 
80 foreslope. Poor soil condition (Subsoil and 
glaci 1 till low in organic matter.) including 
possible salt accumulations prevented the establish-
ment of plant cover in an a.rea adjacent to the 
pav ent 
35 
establishing vegetative cover from spring seeding following a 
winter in which deicing materials have been used. 
Salt content of the soil expressed as a percentage or 
ppm of dry soil is not related simply to the salt toxicity of 
plants grown there. For example, in two soils, one a loamy 
sand and the other a clay - both wi th the same salt content on 
a dry weight ba is - the salt concentration in the soil solu-
tion at the wilting percentage will be approximately ten times 
higher in the sandy soil than in the heavy soil. This is be-
cause the moisture content in the sandy soil is about 0.1 as 
great as that in the clay soil (27) . Thus, no one definite 
level of salts in soils can be given at which toxicity be ins 
under all conditions. 
Greenhouse and field experiments two, three and four 
utilized data obtained from these soluble salt readings and 
were based on eleven assumptions made following this study, 
experiment one. hese as umpt1ons are as follo ss 
First, all salt applied to highways 1n Iowa is com-
posed of 94.5 per cent NaCl and 5.5 per cent silica. 1 
A crystalline form of salt varyin 1n s1ze from 1/8 
inch in diameter to 1/2 inch is u ed. 
1Quinn, Paul D., Ames, Iowa. nata from Iowa Highway 
Commission. Private communication. 1965. 
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s ondy some species of gras will survive in soils con-
taining up to 2,50 ppm of NaCl. 
Third, during the winter of 1963-1964 and 1964-1965 
approximat ly 50 t CCO poundS Of EOd1Uill chlorid as 
applied per mile of four lane high ay in Jo~~ on county, 
Iowa 
Fourth , some salt was picked up from the hi~h ay by 
automobiles, trucks a nd buses . As um1ng that 50 per 
cent of the salt used .,.as icked. up by moving vehicles, 
another 50 per cent was left (25,000 pounds of Na.Cl left 
per tour lanes of highway). 
Fifth, of the salt that remains on the pavement some 1 s 
splashed on to the foreslopes and so e runs off on to 
the median and foreslope. Assuming that 25 per cent of 
this salt is carried off 1n surface water and depos1te 
somewhere besides foreslopes and medians, 25 er oent 
or 12,500 pounds of HaCl remains in contact with the 
soil. 
S1:rth, the so11 1a of a heterogeneous nature composed 
mostly of heavy clay and glacial till which ~te1gh 
a proximately 120 pounds per cubic root 6). A ~~. ng 
that 12.5 per cent of the Qalt iE leached throU£h this 
soil. 12.5 per oent or 6.250 pounds of NaCl remains. 
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Seventh, only the top three inches of soil hould be 
eon idered relevant to gra s seed ermination and 
eedlin establishment. If Na and Cl ion are leached 
below the to three inches of soil (30 pounds of soil 
per one-fourth cubic foot) concentration of Na and Cl 
will not affect germination. They may, ho ever, affect 
th established grasses. 
E hth, solubl alt r ad1n show that here are dif-
ferenc e establ1 hed long the shoulder and 1 median 
areas ( able 5). Only five fee of boulder on eaeh side 
of the pav ment n ten fe t of median adjacent to the 
vement (total 30 feet) -houl be con ide red important 
in salt contamination of roadside soil (Figure 2) . 
Ninth, assuming an even distribution of salt over 158,400 
square feet (5280 feet per mile x 30 feet of salt contam-
inated soil) then there is 0.039457 pounds of NaCl per 
square foot (6250 ound at NaCl ~ 158,400 square feet). 
T n. .0)94)7 pounds of NaCl in JO ounds of oil quals 
1315 ppm of N Cl [< 0.039457 pounds of NaCl x 1 6) -7- .30 
pound of soil = 1315 ppm of N Cl] . 
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Eleven, data obtained from soil samples taken from six 
different median and side slope locations along Inter-
state 80 (Figure 2) provided the basis for selecting dif-
ferent concentration levels of sodium chloride for green-
house and field experiments 
In order to overcome detrimental salt conditions described 
in the eleven assumptions, grasses of greater salt tolerance 
need to b~ evaluated on highway loeations. Native prairie 
grasses have been used only on backslopes to prevent erosion 
(Figures 10, 11 and 12). Native prairie grasses or introduced 
species from the western part of the country may have a place 
in saline median areas. Kentucky 31 fescue has established 
uniform stands in median areas along Interstate 80 where con-
ditions were favorable (Figure 9). In sections of I-80, 
where large quantities of sodium chloride were used, estab-
lishment of turf from seed was poor (Figure 8). 
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EXPERIMENT I I 
Interetate 80 - Iowa City Location 
Objective 
Tb determine if any of eeveral selected grasses will 
germinate, grow and survive under high salt conditions exist-
ing in at least one location along Iowa Interstate 80. Also, 
to compare Location A which had NaCl applied two years (1963-
1964 and 1964-1965) to Location B which had NaCl application 
only in 1964-1965. 
Materials ~ methods 
Two areas were selected for fall seeding 1n 1964 along 
Interstate 80 near Iowa City. Location A was between station 
markers 821 and 822 (Figure 7). Location B was between sta-
tion markers 671 and 672. Each area was 96 feet long and 30 
feet wide and located in the median strip. A seed bed was pre-
pared using a spring tooth harrow; then the area was raked once 
and the plots were laid out. Each plot was 6 x 3 feet. Fif-
teen grasses (Table 7) were seeded in pure stands at a calcu-
lated rate of 40 pounds of pure live seed per acre (Table 8) 
on November 10, 1964. Grass seed was mixed with three pounds 
of sand and plots were seeded by hand. Seed was then raked 
into the so11. A physical analysis of these soils was report-
ed in experiment one. Information on the number of grass seed 
per pound was taken from Rules for Testing Seeds (39). 
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F1 re ?. Field plot 1 ycu 
we t of Io 
ed1 n r ot Int r t t 80, 
re f1fte n coarse t xt red 
v lua e the1r lt tolerance. 
:rke up ar 
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Table 7. Purity, germination and numbers of seed per pound 
of grasses seeded on roadside location - experi-
ment two 
Grass Pure eed Germination No. of seed 
(per cent) (per cent) per pound in 
millions 
1. Big bluestem 
(Andropogon gerardi) 
2. Reed canarygrass 
(Phalaris arundinaoea) 
3. Blue grama 
(Bouteloua gracilis) 
4. Kentucky 31 fescue 
(Festuca arundinaoea) 
5. Native mixed grasses 
Little bluest em 
(Andropogon scoparius) 
Indiangrass 
Big bluestem 
Sw1tohgrass 
Side-oats grams 
41.24 
21.40 
98.94 
24. 33 
5.56 
1.10 
2.40 
3g:~9 
6. Side-oats grama 45.00 
(~uteloua ourtipendul ) 
7. Indiangrass 75 . 72 
(Sorghastrum nutans) 
8. Slender heatgrass 92.87 
(Agropyron trachyeaulum) 
9. Intermediate wheatgrass 97.53 
(AgropYron 1ntermed1 um) 
10. Buffalograss 80 .31 
(Buchloe dactylo1des) 
11. Tall wheatgrass 96.16 
(Agropyron elongatum) 
12. Western wheatgrass 90.02 
(Agropyron sm1th11) 
13 . Russian 1ld-rye 99.02 
(Elymus Junceus) 
14. Sand lovegrass 98.50 
(Eragrostis trichodes) 
15. S itohgrass (Blackwell) 99.18 
(Pan1cum virgatum) 
16. Check oo . oo 
69 
70 
70 
85 
51 
63 
55 
65 
t%.8 
72 
70 
51 
92 
70 
98 
70 
88 
80 
82 
00 
0.152 
0.544 
0. 898 
0. 226 
0.730 
0.165 
0. 154 
0.165 
0.335 
0.063 
0.120 
0.120 
1.490 
0.369 
o.ooo 
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Table 8 . Seed1n rates for ro ds1de location - experi ment 
two 
Gra ses 
1. Big blue tem 
2. Reed canarygra s 
3. Bl e grama 
4. Kentucky 31 fescue 
5. Native ixed grasse 
6. Side-oats ·rama 
7. Indiangr as 
8. SlenQer wheat rass 
9. Intermed1 te 
heatgrass 
10 . Buffalo rass 
11. Tall wheatgraF:s 
12. Western heat@.rass 
13. Bu ian 1ld-rye 
14. Sand love rase 
1.5. Swi tchgrass 
(Blackwell ) 
16. Check 
Grame of 
seed 8 
?54.4 
10,5.6 
483.3 
e6.2 
322.2 
223.8 
136.8 
151.4 
80.8 
129.0 
79.3 
11.5.1 
83.2 
9? . 0 
89 . 2 
o. of 
seed 
per gram 
336 
1200 
1977 
soo 
1607 
364 
340 
230 
738 
14·0 
235 
261 
3282 
814 
i o. of seed 
per 'Olot ( 18 
quare feet) 
85 ,478 
12,672,000 
9,554,841 
43,100 
3,596,466 
497,952 
514,760 
18,584 
95,202 
11 ,102 
270 , 485 
21 t 715 
301,9144 
72,60 
8 Gr s of eed equivalent to 40 pound of pure 11ve seed 
per acre . 
Soil sampl s taken rlor to eeding ho ed alt accumula-
tions in blocks I and III djacent to pavem nt at Location A 
where salts have been u ed during 1963-1964. Le ser accumula-
tions were found 1n block II of Location A and throughout 
Location B w} 1ch was not salted du1·1ng the 1963-t964 ldnter 
eason (Table 9). Bates of de1cer a lied from 1963 to 19GS 
to highway avements adJacent to these plots are sholm in 
able !}. 
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Table 9. specific conductance and ppm Cl data fro oil 
samples taken at s i te of exp iment two prior 
to seeding 
Location Soil 1st Sp ee1fi c con- PPM 
and sam- read- ductance 1~ of 
treatment ples ing mhos x to- at C1 
25°C 2nd r d-
ing 18 hrs. 
later 
Loca- 1 74 56 over 200 
tion A - 2 146 120 over 200 
salt aJ)- Blo ck I 8 3 260 174 over 200 
plied to 4 19 ~ 15 over 2 0 
highway 5 96 85 over 200 
one year 
6 95 58 over 200 
7 58 39 less t:ban 20 
Block II 8 55 3 less than 20 
9 49 36 le s than 20 
10 42 34 less than 20 
11 148 140 over 200 
12 21 8 165 over 200 
Block III 13 130 95 over 200 
14 88 68 over 200 
15 190 118 over 200 
Loca- 1b 36 40 less than 20 
tion B 2 30 22 less than 15 
no salt 3 29 25 less than 15 
applied 
to High-
way 
a Blocks I and III lccat d on i th r side of the median 
adjacent to pavements. Block II located bet een blocks I 
and III. 
bSamples 1, 2 an 3 ta en at random throughout edian . 
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The stati tical layout of this experiment formed a ran-
domized, complete block design . There were ixteen plots con-
sisting of fifteen grass var1et1e and a oheok (Table ?) ar-
r n ed randomly within each block in the median area. There 
ere three such blocks at each of t o locations, Location A 
an area of suspected high alt concentration and Location B 
an area of su pected low salt concentration. 
Results 
A visual evaluation of cover in per cent of each grass 
at each of two location was made on May 10, 1965, July 10, 
196.5 and August J, 1965 (Tables 10 and 11). No visual eval-
uation of cover could be made for the blocks located 1n the 
center of the median. The center of the median area had 1-2 
inches of soil covering the ori inal seed bed. Thi soil 
layer was the result of ero ion. he only gr hat was 
present in thi area was Kentucky 31 fescue. None of the 
other grasses were visible. 
o statistical analy is wa run for this experiment 
1nce data on germination, growth and survival of grasse 
were insufficient to permit a normal analy 1s of variance. 
Percentage data based on observation , where the range 
varies from 0 to 20 per eent or from 80 to 100 per cent but 
not both, may be analyzed by us1n the square root transforma-
tion method. However, where t e range 1 from 0 to 100 er 
cent, a more sophisticated technique must be used to analyze 
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F1gure 8. Salt aceumula ion in the soil on . th1s ect1on of 
Io Interstate 80, we t of Io a City, has pre-
vented the stab11shmen of turf from seedings 
during the fall of 1964 and durin the spr1 of 
1965. ot growth of s veral coarse textured 
rasses 1n upper left hand corner. Note also 
three plot of coarse textured rasses in center 
right of photograph 
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Figur 9. The obj ot1 ve of turfgra s e tabl1 hment and main-
tenance ot roadsides 1s to obtain uniform stand 
such as 1s evident with Kentucky .31 fescue shown 
abov on Iowa Interst te 80 ea t of Des Moine 
47 
Figure 10. Highway back lope 1n Iowa seeded to native pra1r1e 
grasses. Note uniform stand of gra > and fr edom 
from weeds. SOil erosion 1n this area has been 
ne 11g1ble 
48 
Figure 11. Close u: of highway baokslopes 1n Iowa seeded to 
nat1 ve prairie grasses. Note the color blends of' 
Ind1angrass (lower left and upper right) with 
11ttle bluestem oent ,er., Note also the absence of 
weeds. Soil erosion 1n th1 area has been 
negligible 
Figure 12. Close up of highway baekslope in Io . seeded to 
SW1 tehgras • Note unifom stand of • w1 tchgrass 
and freedom from we d • Soil erosion 1n th1s 
ar a has been negl1g1 le 
so 
data. In this preliminary study little would be gained from 
an analysts of data influenced by multiple variables beyond 
the control of the experiment . 
Ratings on May 10, 1965 placed Kentucky 31 fescue, Reed 
canarygrass, intermediate wheatgrass, Russian wild-rye and 
tall wheatgrass first 1n germination and early cover. Other 
grasses had not produced satisfactory stands at that date. 
Ratings on July 10 placed Kentucky 31 fescue, Reed 
canarygrase, intermediate wheatgrass, Russian wild-rye, tall 
wheatgraes and slender wheatgrass superior to all others in 
amount of growth and cover. 'flip burning was noted on all of 
the above grasses. This was considered a symptom of injury 
from high levels of chloride ( 23) (Table 9). 
Eatings on August 3 placed Kentucky 31 fescue, Beed 
canarygrass and tall wheat~rass superior to all other grasses. 
Dead Frass plants were noted in all plots . Russian wild-rye, 
western wheatgrass, intermediate wheatgrass, and slender 
wheatgrass had the largest reduction in cover. 
Discussion 
Of the fifteen grasses evaluated only seven look favorable 
for use 1n saline areas adjacent to Interstate highways in 
Iowa. They are Kentucky 31 fescue, Beed canarygrass, tall 
wheatgrass, slender wheatgrass, western wheatgrass, intermediate 
wheatgrass and Russian wild-rye. In the evalu tion taken 
on August 3, several of the above grasses showed tip 
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Table 10. Evaluation of cover in per cent - Location A 
salt-1963-1964 and salt-1964-1965 
Grasses Ma;t 10 1 126 5 Jul;y: 10 1 1265 Aug. ~I 126 J 
Block Bloek Block Block Block Block 
I III I III I III 
1. Bi g luestem 40-50 40-50 20-)0 20- 30 5-10 10-15 
2 . Reed canary-
gras 60-70 20-30 60 30 25 o- 5 
3. Blue grama 0 0 5-1 5-1 0 - 5 o- 5 
4. Kentucky 31 
fescue 6 -70 60-70 60-70 50-60 35- 40 25-30 
5. Native mixture 15-20 5-10 10-15 5-1 0 0- 5 .5-10 
6 . Side-oats rama 0 0- 5 0- .5 o- .5 o- 5 .5-10 
7. Indiangrass 0 0 .5 0- 5 o- .5 .5-10 
8. Slender 
wheat rass 20-30 5-1 0 2.5-30 0- 5 10-15 0- .5 
9. Intermediate 
wheatgrass 50-60 70-80 30 10 5-1 0 5-10 
10. Buffalo grass .5-10 0- .5 0- 5 0- 5 0- .5 0- 5 
11. Tall wheat-
gras 70-80 80-90 60-70 .50-6 0 50 40-45 
12. Western 
wheatgrass 50-60 10-1.5 50-60 o- 5 2.5-30 0- 5 
13 . Russian 
wild-rye 40-50 .50-60 4 -.50 5 - 60 0- .5 o- 5 
14. Sand lovegrass 0 0 o- 5 o- 5 0 o- 5 
1.5. Sw1tchgra s 
( lackwell) 5 0 o- 5 o- 5 o- 5 0- 5 
16 . Check 0 0 0 0 0 0 
injury and entire kill of some gras plants . Included in this 
group are Russian wild-rye, Intermediate wheatgrass and slen-
d r wheatgrass. These rass es were re uced in cover more than 
any of the other gra ses ince the ~revious evaluat ion. Death 
may have been ue to high cone ntrat1on of sodium and/or 
chloride ions present in the upper three inches of soil . 
ble 11 . Evaluation of cover in per cen - Loca ion B 
no salt-1963-1964 and salt-1964-1965 
Gras es ~ay 10, 196 5 July 10, 1965 
Block Blo ck Block Block 
I III I III 
1. Bi g bltlestet:'l 
2 . Reed canary-
gra s 
3. Blue grams. 
4. Kentucky 31 
80-90 
0 
fescue 80-90 
5. Native mixture 5-10 
6. Side-oats grama 0 
7. Indian rass 0 
8. Slender 
wheatgrass 
9. Intermediate 
wheatgras~ 
Buffalo grass 
Tall wheat-
10 
11. 
10-20 
70-80 
o- 5 
grass 70-80 
12. \~estern 
wheatgrass 10-20 
13. Russian 
wild-rye 30-40 
14. nd lovegras 0 
15. Switchgrass 
(Black ell ) 0 
168 Check 0- 5 
- 5 
80-90 
0- 5 
80-90 
.5-10 
0 
0 
.5 
80-90 
5-10 
70-80 
5-10 
0- 5 
5 
o- 5 40-50 
0-9 80-90 
5-1o o- 5 
70-80 80-90 
10-20 30 
60-70 20 
.5-10 o- 5 
0- 5 0- 5 
o- 5 o- 5 
- .5 
80-90 
5-10 
80-90 
o- 5 
o- 5 
0- 5 
JO 
80-90 
o- 5 
70-80 
25 
70-80 
30 
20-30a 
o- 5 
Aug. 3 , 1965 
Block Blo ck 
I III 
10-1.5 10-15 
.5-10 15-20 
0- 5 5-10 
25-30 2.5-30 
o- 5 o- 5 
o- 5 o- 5 
5-10 1.5-20 
15-20 0- 5 
20-25 10-15 
o- 5 o- 5 
25-30 10-15 
5-10 5-10 
0- 5 0- 5 
0- 5 5-10 
15-20a20-25a 
o- 5 o- 5 
arncrease in per cent cover result of annual weed. 
According to the u.s. Regional Salinity Laboratory (.50) and 
For berg (1 E), l'Tes ern wheatgras and slender wheatp-ra. ~ are 
more resistant t o high saline areas and dr1er condi~ions han 
tall wheatgrass. Our result sho ed tall wheatgras o be 
superior to other heatgrasses . Tall heatgrass, Reed 
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canarygrass and Kentucky 31 fescue were suoerior to both slen-
der wheatgrass and western wheatgrass. 
he rapid rate of germination and seedlin£ establishment 
noted for tall wheatgrass, Reed canary~rass and ~entucky 31 
fescue mav ave been related to their ultimate superior! ty. 
Grasses which make the fastest start 1n early spring and 
develop the deepest root system are more drouth tolerant and 
resistant to salt injury durin period of adversity. A 
shallo root sy tem, developed during periods of excessive 
rainfall in the spring, follo~ed by a lack of moisture during 
Jul may have been contributing factors which resulted in a 
decrease in s and of everal salt tolerant grasses reported 
in the literature. 
On all three inspections of the area, it was noted that 
soils were extremely dry, and cracking was common over the 
entire ares . 
The other nine grasses did not germinate or produce a 
satisfactory stand, o that an evaluation of their potential 
salt tolerance could not be observed. 
No significant differences ere noted in grass ~tand be-
tween Location A and Location B. It was concluded tha . one 
years alt application {1 9~4-1965, winter} produced ~u ficient 
injury to the grass to ask the ace ulated effect f s t 
application during two successive winters (1963-1964 and 1964-
1965). 
EXPERIMENT III 
Greenhouse Soil CUlture 
Ob,1ecti v~ 
ro evRl ate ~odium chlortde tole:rance of ten es ablished 
n t.he gr enhotlse . 
Material ~ roe hods 
·en coarse t xtured grasses ( able 12} 't':ere grown 1n 
three and one-half inch plastic pots filled with a sandy soil . 
A mechanical analysis of soil (29) showed that 81 .40 per cent 
was sand, 7.)4 per cent silt and 10.88 per cent clay. Five 
hundred grams of this oven dried soil was added to each of 
the 240 pots . ry soil plus pot wei hed )24 grams . 
Five pots were sampled a random to de ermine field 
capacity of the soil. The average wet weight of soil lus 
pot waE 654 gram • The difference between wet and dry weights 
was 130 grams or about 20 per cent of the weight a water. 
1fhe po ts were seeded volumetrically on t.faroh 1, 1965 at 
a calculated rate of 1 0 live seeds per pot ca seeds per square 
inch). Grasses seeded are listed in Table 12. Twenty-four 
grams of soil wer added volumetrically to each pot to cover 
seed. Hence , there was a total of 524 grams of oil in each 
pot. Pots ere 1rrie-ated l'Tice a week by addin g distilled 
water to r.1eld capacity. Grasses were clipped as needed at a 
three inch height. 
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Table 12. Grasses used in greeil ot:.se study 
Co on na e 
Kentuc y 31 fescue 
Russian wild-rye 
Reed canarygrass 
Slender hea gra e 
Side-oats grama 
Buffalogra s 
Blue grama 
Sand lovegrass 
Western wheatgrass 
Intermediate wheat rass 
Scientific name 
Pestuca arundinacea 
El;vnus junceus 
Phalaris artrr1dinacea 
Agrooyron trachycaulum 
BoUteloue. curtipendu a 
Buchloe aactyloides 
Bo teloua gracilis 
Eragrostis tr1chodes 
Agropyron smith11 
Agropyron in ermed1:um 
Sodium chloride was applied on June 7, 1965 at the 
followin six levels: 
No salt 0 ppm 
A 210 ppm 
B 631 ppm 
c 1262 ppm 
D 2525 m 
E 5050 ppm 
Parts er million calculations w re made on an oven dry 
weight basis . Salt treatments were added in 50 milliliters 
of water and all pots -;·:ere irrigated to fi eld capacity. 
Statistical design A ran omized, compl ete block de-
sign wit1 tour replications of ten p;rasses at six salt levels 
wa employed. 'J:he data was subjected to an analy si of 
variance. Differences are dlscussed only 1f the level of 
significance as five per cent or lower . The " Fr. test, 
described by Snedecor (42) was use to d term1ne existence f 
significant treatment effects and Duncan's multiple range test 
(13) was used to compare treatment means. The mathematical 
model u ed in the analysis as as follows: 
where 
Ytjk = Y + Bt + Gj + Lk + (GL)jk + Eijk 
y equals the mean 
Bt equal the block effect 
Gj equals the grass effect 
Lk equals the salt effect 
(GL)jk equals the grass x level interaction 
Eijk equals experimental error 
The degrees of freedom were distributed as follows: 
Source d . f, 
Block~ 3 
Grasses 9 
Levels 5 
G x L 45 
Error ill 
Total 239 
Results 
On June 12, 1965 a visual evalu t1on of salt tolerance 
was made. 
Tolerance rating of grasses to NaCl at 210, 631 and 
1262 ppm is as follows: 
Most tolerant 
Sand lovegrass 
Western wheatgrass 
Blue e-rama 
Side-oats grama 
Slender wheatgrass 
Kentucky 31 fescue 
Least tolerant 
Russian wild-rye 
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Reed canarye-rass 
Intermediate wheatgrass 
Tolerance ratings of grasses to NaCl at 2525 ppm is as 
follows: 
Most tolerant 
Kentucky 31 fescue 
Sand lovegrass 
Blue grama 
Moderately tolerant 
Slender wheatgrass 
'iestern wheatgrass 
Least tolerant 
Russian wild-rye 
Reed canarygrass 
Intermediate wheatgrass 
Tolerance ratings of grasses to NaCl at 5050 ppm is as 
follows: 
Most tolerant 
Sand lovegrass 
Kentucky 31 fescue 
Blue grama 
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Moderately tolerant 
Slender wheatgrass 
Western wheat grass 
Side-oats grama 
Least tolerant 
Russian wild-ry 
Reed canarygrass 
Intermediate wheatgrass 
On June 18, 1965 all foilage was harvested and fresh 
weights were recorded. Tissue was oven dried and weighed again. 
Per cent moisture was calculated by fresh weight - dry weight 
~fresh weight x 100. The per cent dry weight calculated by 
dry wei ht + fresh weight x 100 is the inverse of the per cent 
moisture . 
Soil from all four replications at each salt level was 
composited and mixed thoroughly, then three samples were taken 
at each level for conductivity reading (Table 13). 
Per cent dry weight of foliage from the different ten 
coarse textured grasses grown at six levels of sodium chloride 
was significantly different at the one per cent probability 
level. Significant differences ere found between grasses and 
between sale levels (Table 14). The interaction of grasses 
versus salt treatment was also significant at the one per cent 
level . ecreasing order of grasses based on salt tolerance 
showed: Kentucky 31 fescue > sand lovegrass > western wheat-
grass > slender wheatgrass > side-oats grama > buffalograss > 
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Table 13. Relationship between NaCl treatments and actual 
conductivity of soil extracts 
Levels 
No salt 
A 
B 
c 
D 
E 
PPM of 
NaCl 
0 
210 
631 
1262 
2525 
5050 
Actual conductivity Pound of NaCl per 
in mhos x 10-5 from mile of four 
greenhouse soil lane highway& 
29 
31 
53 
59 
64 
123 
0 
8 ,000 
24,000 
48,000 
96,000 
192,000 
aBased on previously described asgumptions. 
Russian wild-rye > intermediate wheatgrass > blue grama > 
reed eanarygrass (Table 15). 
Mean per cent dry weight of foliage was lower when grass 
wa treated with 210, 631 and 1262 ppm of NaCl than t.hen 
treated with 0 ppm of NaCl (Table 16) . Increased growth of 
grasses was n.oted at these levels {Figure!:! 19-28). All grasses 
decreased in growth at the higher two salt levels, 2525 and 
5050 ppm of NaCl. Thi s decrease was noted by the increase in 
mean per cent dry weight above the check. 
The interaction is evident in Figures 13-18 which show 
relationships between per eent moisture and ppm of NaCl . 
Per cent moisture is the inverse of per cent dry weight. 
Similar per cent moisture relationships, at all salt levels, 
were noted with sand lovegrass and buffalograss with 
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Table 14. Analysis of variance of per cent dry weight of 
f oliage from 10 different coarse textured grasses 
gro~m at si levels of sodium chloride 
source of 
variation 
Degrees 
of 
freedom 
SUm of 
squares 
.1471 
0. 6201 
Mean 
square 
0.0490 
0. 0689 
F 
5.54** 
7.78 
Block s 
Gras~es 
Treatment 
3 
9 
5 3.3642 0.6728 19. 65** 
Grasses x treat-
ment 45 1 .5406 o. 342 3.87** 
Error 177 1.56t4 0. 0088 
Total 239 
**Significant at he .01 level of probability. 
~able 15. 1ean per cent dry weight of foliage from ten 
coarse textured grasses grown at 1x levels of 
NaCl 
Grasses nean p er cent dry 
weigh in grams a 
Reed canarygra.ss 
Blue grama 
Intermediate wheatgrass 
Russian wild-rye 
Buffalo grass 
Side-oats grama 
Slender wheat ·rass 
Western wheatgra~s 
Sand lovegra.ss 
Kentucky 31 fescue 
60 .6 
57.9 
54.2 
53 .7 
51.8 
51.6 
g1.2 
9.8 
B.5 
40 .8 
a 
b 
c 
d 
e 
f 
b 
h 
1 
j 
Treatment means having Jet ers 1n common are not 
significantly different at the . 01 level according to Duncan's 
multiple rang e test . 
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Table 16. Effect of NaCl on mean per cent dry weight of 
foliagefrom ten coarse textured grasses 
Levels of NaCl 
(ppm) 
5050 
2525 
0 
1262 
631 
210 
Mean per cent dry 
weight in grams a 
75 
57 
51 
47 
42 
40 
a 
b 
c 
d 
e 
f 
aTreatment means having letters in common are not sig-
nificantly different at th .01 level according to Duncan's 
multiple range te~t. 
intermediate wheatgrass and Russian wild-rye, and with western 
wheatgrass, intermediate wheatgrass and slender wheatgrass. 
Kentucky 31 fescue was the most salt tolerant of the ten 
grasses. Western wheatgrass and sand lovegrass were comparable. 
Beed canarygrass and blue grama were completely killed at the 
highest salt levels, 5050 ppm of NaCl (Figures 15 and 16, 
respeet1 vely). 
COnductivity reading of soil extracts indicated a trend 
tov~rds higher salt concentrations where more salt had been ap-
plied (Table 13). Differences between specific salt levels 
were not well correlated with differences between conductivity 
readings. 
Discussion 
Kentucky 31 fescue, re d canarygrass and intermediate 
wheatgrass made the best early growth. lender wheatgrass, 
side-oats grama, blue grama and sand lovegrass were slow to 
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100 
- SAND LDVEGRASS 
o---o BUFFALOGRASS 
10 
0
0 I 3 6 9 12 15 18 21 24 
POUNDS X 8000 OF No CL APPLIED PER MILE OF HIGHWAY 
0 210 631 1262 1893 2525 3156 3787 4418 5050 
PPM OF NaCL 
Figure 13. Per cent oisture re ponse of and lovegrass and 
buffalograss at six levels of NaCl applied to a 
light extured soil. Note the similar moisture 
relationships of the two grasses. Both grasses 
r sponded with increased per cent moistur at 
the lower salt level 
6J 
100 
90 __., REED CANARYGRASS 
eo o--o KENTUCKY -31 FESCUE 
30 
20 
10 
<l), 
3 6 9 12 15 18 21 24 
1 P,OUND,S X 80,00 OF 1NaCL fPPLIE01 
PER f'liLE OF HIGHWAY 
0 210 631 1262 1893 2525 3156 3787 4~ 18 ~50 
PPM OF NaCL 
Figure 14. Per cent moisture response of reed canary rass 
and Ke tucky 31 fescue at six levels of NaCl 
ap~li to a 11 ht tex ur soil. ote t t t e 
p r cen oi~ture respons of the check for both 
gr s ~ 1m 1 r . th gra~ e s respon e1 
1.t .. ine:r~a!"e or e t o1~~ - T at ~ 
r cent 1o1e .u e y 
"'!. . ned 1r, e:r t 
s y ~c1 fro 
t er> . 1 ch ' m 
her ~ t e e s. At t e hi he 
l evel, r anary re.s "" conpletely k11 ed. 
wh ea. . ntucky )1 fescue sho ~ed the high st 
salt tolerance of the ten gras oes 
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- BLUE GRAMA 
<>-----o SIDE- OATS GRAM A 
0 0 I 3 6 9 12 15 18 21 24 
POUNDS X 8000 OF NoCL APPLIED PER MILE OF HIGHWAY 
0 210 631 1262 1893 2525 3156 3787 4418 5050 
PPM OF NoCL 
Figure 15. Per cent moisture resoonse of blue grama and side-
oats r a t six levels of rael applie to a 
light textured soil. Note the similar moisture 
relationships of the two grasses u to the 96,000 
pound salt level. th gras es responded with in-
creased p r cent moisture at the lowe t salt level. 
At the highest salt level, blue grama as com-
pletely killed, whereas side-oats grama bowed 
good salt tolerance. 
100 
90 
80 
70 
10 
1 Pc;>UNO~ 
0210 631 
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- REEO CANARYGRASS 
~ SANO LOVEGRASS 
6 9 12 15 18 2 1 24 
X 8000 OF1 NaCL 1 APPLIE,O PER ul E 1 • • . 1 m L I OF HI<!HWAY 
1262 1893 2525 3156 
PPM OF NaCL 3787 4418 5050 
F1 ure 16. Per cent moisture response of Reed canarygrass 
and sand lovegrass at s1x levels of NaCl applied 
to a light textured soil. Note the similar 
moisture relationships of the two gras es at the 
lo er three salt levels. th grasses responded 
with increased per cent moisture at the lower 
three salt levels. At the highest salt level, 
Reed canarygrass was completely killed, whereas 
sand lovegrass showed good salt tolerance. 
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100 
D------1:l WESTERN WHEATGRASS 
._.. INTERMEDIATE WHEATGRASS 
o-----<> SLENDER WHEATGRASS 
lZ 40 
"' !f 
~ 30 
2.0 
9:) I 3 6 9 12 15 18 2 1 24 
MILE OF HIGHWAY POUNDS X 8000 OF NaCL APPLIED PER 
0 210 631 1262 1893 2525 3156 3787 4418 5050 
PPM OF NaCL 
Fig11re 17. Per cent moisture response of western whea.tgrass , 
1ntermedi te hea grass and slend r wheat gra at 
six levels of NaCl applied to a light tex ured 
soil. Note the similar moisture r elations ips of 
the hree grasses at all levels of NaCl. hese 
three grasse responded with increased per cent 
moisture at the lower two salt level s. All three 
grasse show~d tolerance to hi h levels of NaCl . 
In order of d creasin salt tol erance western 
wheatgrass > intermediate heatgrass > slender 
wheatgrass at the higher three levels of NaCl . 
100 
90 
~4 
"' u 15 30 
0.. 
20 
10 
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---- INTERMEDIATE WHEATGRASS 
o----o RUSSI AN WILD -RYE 
6 9 12 15 18 2 1 24 
POUNDS X 8000 OF NoCL APPLIED PER MILE OF HIGHWAY 
b 2io s3i 1262 1a93 2S2s 31ss 3787 44'18 so5o 
PPM OF NoC I 
Figure 18 . Per cent moisture response of intermediate wheat-
gras and Russian ~ild-rye to six levels of NaCl 
applied to a li ght textured soil. Note the 
similar o1sture rela ion~hip~ of these two gr asses. 
Ru~sian wild-rye as the only grass that 1d not 
respond with an increa~e in per cent moisture at 
the lower levels of aCl. Both of hese gras es 
showed ol ranee to igh levels of Nacl . 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
... .. . --· 
. . . .. .. . . . ... .. ... 
- ~ • ~ •• • • • 0 ••• • •••••• ••• 
. . . ........ ' ... . ..... . - ....... . 
• • • 0 ••••••••• 
. ............. BUFFALO GRASS . .......... . . . . . . ...... . 
e 
• 0 •• •• ••••••• • 
• ••••• 0 •••••• 
. . . . . . . . . . . . . . . . . . . • • • • • 0 •• •••••• 
• • ••••••••••••••••••••••• •••• 0 •••• 
Figure 19. FOl iar r e spon se of buffal o ra s t o six level ~ of 
NaCl appli ed to a light t extur ed soil . Uote 
grolrth stimulation at low salt lev ls. Salt con-
cent ration s i n excess of 631 ppm (Level B) de-
creased f oliar production and cau sed incr easin · 
inj ury to gra s s a.nds . 
I 
.. · . .... . GROWTH CHARACTERISTICS OF 
XTURED GRA \ SES 
• •• ••• ••• 0 •• ••• 0 • 
• 0 ••••• • •••• • 
• • • • • • • 0 •••••• 
.. .. . . . ....... LOVE GRASS • • • •• 0.. • • • 0 •• 
0 • • • • ••• • • • •• • • • 
. . . . . . . . . . . . . . 
••• • •• • • •• • 0 • • • • • 
. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • •• 0 • • • ••• • 
. . . . • 0 
• • • 0 •• • 0 • • •••• • 
• ••••••• • •• • • 0 •••• •• 
. . . . . . . . . . . .... . . . 
F1gur 20. FOliar r spon e of sand lovegr ass to six levels 
of aCl ppl1e to a light text red soil. ote 
growth stimulation a t low salt levels . Salt con-
centration in exce~s of 631 pp (L vel ) e-
crea s ed foliar pro uction and caused incr~a~1ng 
i njury to ·ras sta d~. 
Figure 21. 
1 
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GROWTH CHARACTERISTI CS OF 
COARSE TEXTURED GRASSES 
. · ..... . 
NO SALT 
• • • • • • 0 ••••••• 
, •••••••• ' 0 ••• 
.... . . ....... 
• • • • • 0 •••••• 
ol1ar re 
f 
11 1 
....... ' . . . . . 
••••• 0 . • • • • •••• • • 
• •••••••••••• • 0 •• 
KENTUCKY 31 
FESCUE 
......... ... ..... 
• • • • • • • • • • • • • 0 ••• 
. . . . . . . . . . . . . . . . 
• ••• • 0 • ••• 
:) • • • • • • • • 0 ••• 0 • . . . . . . . . . . . . . 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
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Figure 22. Fbliar re ponse of reed canarygras to s1 levels 
of NaCl applied to a light xtured soil. Note 
gro th ~timulated at low salt levels. ~alt con-
centrations in excess of 6.31 ppm (Le'Vel B) de-
creased foliar production and caused increasing 
1 jury o gra s stand. Note also complete kill 
of reed canarygrass a 5050 p m (Level E) . 
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GROWTH CHARACTER ISTICS OF 
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Fi re 23. Foliar res onse of blue g rama to i x levels of 
NaC1 applied to a light textured soil. Note growth 
wa timulated at low salt ooneentr t1ons . Salt 
levels in excess of 631 ppm (Level B) decreased 
foliar production and caused increasing injur y to 
gra s st an s . Blue grama. failed to erminate and 
establish rell under t h e eondit1on of this 
experiment. 
: : : : : NO SALT 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
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Figure 24 . Fo 1ar re'-' on e of s1 e-oa ~ s gra~n~ to ~ 1x levels 
of a 1 anp 1 to a 11 ht t xture oil. ote 
growt ~tt ulatton o gra s at lo . alt levels . 
Salt concentrations 1n excess of 1262 pm (Level 
C) ecrea ed foliar ro uction and caused in-
creasing injury to grass stands. 
GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
............ -- · 
WESTERN WHEAT 
. . . . . . . . . . . . . . . . . , .. .. ....... . 
Figure 25. Foliar response of western wheatgras~ to 1x 
levels of NaCl applied to a li ght tertur d oil. 
Note gro th stimUlation at low salt levels . S lt 
concentrations in e ce s of 2525 (Level D) e-
creased foliar production and cau ed 1ncr asing 
injury to grass stands. 
75 
... . 
GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
. . . . . . . . . . . . . . . . . ... 
SLENDER 
WHEAT 
• ••• •• '!) .. ........ ... . 
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Figure 26 . o1iar r~sponse of sl end r wheate:Ia s "'"o six l evel s 
of .'aCl applied o a ight textured s::>il . Note 
gro r h s ~· 1 ula .e a l o4 sal evels . ~alt 
c::>ncentr t ons 11 excess of 12 2 ppm (Level C) de-
er a fol ar pro uction and cause increa ing 
111 jury to grass stan s . 
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F't gure 27. Foliar re~ponse of interned ate heatpra ~ o six 
leve C' 0 f r~aCl appli 0 a. 1 P'h te .ur d oil. 
l ote gro "t'rth timulation a . lo salt lev le . 
Salt concentrati.ons in excess of 63 ppm {Lev 1 
D, decreased. foliar production and Cl).ased 1n-
creaP.in injury to gr ss s and~. 
P'isure 28. 
of 
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ger.111lnate a nd developed c:>ver slo wly . Blue gra!!la failed to 
develop satisfact orily under conditions of this experiment 
(Figure 23) • 
On March 28, 1965 after clo e o servation grasses showed 
leaf burn injury. The first sign was noticed at he lea f 
apex. Bro~ning of the tip spread to the ent re leaf re ulting 
in diebaclt of several grasses . Russian wild-rye ar! illter-
mediate 1heatgrass showed the most injury. 
Use of sulfur va or to control powdery mildew on 
Kentucky bluegrass adjacent to this experiment may have been 
responsible for inju ry to coar~e textured grass seedlings. 
By April 13 , 1965 the weather had warmed up considerably and 
there were very few overcast days. The result was a dis-
appearance of mildew and a discontinuation of sulfur treat-
ments. 
On .iay 29, 1965 after two weeks of a ol t'feather sulfur 
was a ain employed in th greenhouse to control po'lfrdery mil-
dew. Again Russian wild-rye and intermediate heatgrass showed 
injur • Ru sian wild-rye showe injury on all ne\'1 growth from 
le&f tip to crowns. It appears that this grass might have 
potential use as an indicator of sulfur or sulfur dioxide 
present in the atmosphere of smog bound industrial areas. 
Results from the application of hi h concentrations of 
NaCl to established grasses rown 1n a light textured so11 
show that sand lovegrass, Kentucky 31 fescue and blue grama 
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had the greatest salt tolerance (Figures 20, 21 and 23) . Soils 
high 1n oreanic matter have a greater cation exchange capacity 
and therefore can have a higher critical salt tolerance than 
soils lo 1n organic matter, such as sandy soils and glacial 
till. 
Other grasses that showed some salt tolerance were slender 
wheatgrass, western wheatgrass, buffalograss and Russian wild-
rye. Reed canarygrass and blue grama were completely killed at 
the E salt level, 5050 ppm of NaCl , whereas these two grasses 
were only slightly injured at 2525 ppm of NaCl level (Figures 
14 and 15), thus showing the affect of NaCl when concentrations 
are increased to toxic levels. At lower levels of NaCl, an 
increase in growth was noted (Figures 19-28). The per cent 
moisture was greater than the check at the A, B and C levels , 
210, 631 and 1262 ppm of NaCl, respectively except for Russian 
wild-rye (Figures 13, 14, 15, 16, 17, and 18). These phenomena 
have been reported by Buffum in 1896 in experiments concerned 
with sugar beets and several salt tolerant grasses (7). Harris 
(18), F.arter (22), Hayward and Bernstein (23) and Taylor (45) 
have noted improved germination and seedling growth of various 
grasses , legumes and vegetables from non-toxic levels of 
sodium. Taylor (45) 1n comparin~ caC12 with NaCl, showed that 
cae12 suppressed growth. Since both salts have a common anion, 
chlorine, it appears that the calcium decreases fresh weight 
while the sodium ion increases it (45). These results were 
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in accord with those of Hayward and Spurr (24). Growth in 
their experiments was measured by increase in fresh weight. 
This was largely the result of absorption of water. Since 
absorption of water increases as internal osmotic pressure 
increases, it is possible that an unequal rate of absorption 
could account for this difference (47). 
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EXPERIMENT IV 
Field Plots - Horticulture Farm 
ObJective 
TO study the effect of five different levels of sodium 
chloride on seedling establishment of fifteen different 
coarse textured grasses. 
Materials ~ methods 
Grasses were divided into two groups. Group A contained 
grasses that germinated and established faster than those in 
Group B (Table 17). 
An experimental site at the Horticulture farm was chosen 
that had been fallow for two years (Figure 29). The area had 
uniform soil to a depth of two feet. A mechanical analysis of 
this soil (29) revealed that it was composed of 36.8 per cent 
sand, )6.8 per cent silt and 25.4 per cent clay. The area 
was plowed, diaked, and leveled. However, the soil was wet 
when plowed and th1 s left large clods in the area. By working 
the soil when dry clods were broken down to 3/4 - 1 1/2 inches 
in diameter. Such clods of soil are typically found in seed 
beds along Iowa's Interstate system (Figure JO). 
The species used are listed in Table 18. 
Treatments The application rates of sodium chloride 
are given in Table 19 . 
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Table 17. Grasses used in field plots grouped according to 
their similar germination and establishment 
properties 
Scientific name Common name 
Group A included the following seven species: 
1. Festuea arundinacea Schreb Kentucky 31 fescue 
2. Agropyron elongatum 
3. Agropyron sm.i th1i 
4. Agropyron intermedi um 
5. Agropyron trachycaulum 
6. Elymus Junceus 
7. Phalar1 s arund1nacea 
Tall wheatgrass 
Western wheatgrass 
Intermediate wheatgrass 
Slender wheatgrass 
Russian wild-rye 
Reed canarygra ss 
Group B included the following eight species, 
1. Sporobolus a1ro1des 
2. Sporobolus or:yptandrus 
j. Eragrost1s triehodes 
4. Eouteloua curtipendula 
5. Bouteloua sracilis 
6. Buchloe dactyloides 
7 . f.2.!. pratensi s 
a. ~ pratensis 
Alkali sacaton 
Sand dropseed 
Sand lovegrass 
Side-oats grama 
Blue grama 
Buffalo grass 
Kentucky bluegrass 
Troy Kentucky bluegrass 
Table 18. Origin, germination and purity of grasses seeded 
1n field experiment at Horticulture farm 
Grasses used Origin Germination Purity 
(per cent) (per cent) 
1. Kentucky 31 fescue Missouri 85 99.10 
2. Tall wheatgrass Colorado 98 97.13 
3. Western wheatgrass South Dakota 89 87.30 
4. Intermediate wheat-
grass Washington 92 97.53 s. Russian wild-rye Canada 80 95.70 
6. Slender wheatgrass south Dakota 90 99.25 
7. Alkali sacaton Colorado 60 96.00 
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Table 18 (Continued) 
Grasses used Origin Germination Purity 
(per cent) (per cent) 
a. Sand dropseed Texas 61 97.00 
9. Band lovegrass Kansas 70 98.50 
10. Side-oats grama Kansas 72 45.50 
11. Blue grama Kansas 85 58.00 
12. Reed canarygrass Minnesota 70 98.00 
13. Buffalograss Nebraska 76 86.52 
14. Kentucky bluegrass Oregon 80 98.54 
15. Tro;y Kentucky 
bluegrass Idaho 80 98.36 
Table 19. Levels of sodium chloride applied to the soil at 
two different time applications, in experiment 
four 
Level Pounds of NaCl PPM of NaCl Pounds of NaCl 
applied per per mile of 
180 square four lane 
feet (6 x 30) highways 
A o.oo 0 0 
B 1.13 210 8,000 
c 3.41 631 24,000 
D 6.81 1262 48,000 
E 13.60 2525 96,000 
acalculations based on assumptions listed under experi-
ment one. 
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Figure 29. Field plot layout for study of effecte of f ve 
le el of sodium chlorid applied at s ed n nd 
two e ks before seeding on germi at1on, eedling 
, !:!t blishment an fo11 r gro th of fifteen coarse 
textured grasses. 
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Figure JO . Soil s ructure of the field plots at the Horti-
cult r a "· o e clo s that resulted fro m ~rking 
soil hen wet. 
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~o differen i me applicat i ons of salt were also assigned 
at random wi thin each rate: first, salt - wait two weeks then 
seed; second, salt and seed at the same time. he first treat-
ment was made on April 30, 1965. The econd treatment as ap-
~ i e o ~ay 12 , 1 (5 . o r_ i n ccur re durin~ the p er io d 
betu Jen May 1 and .·1ay 13 . 
See n,<J:. On May 13, 1965 the entire area wa s seeded 
at a ca cula ted r at of seventeen live seeds p er sq a r e inch 
for each of the f1ft en species used. o pounds of mil-
organi te were use as a carrier i n a lawn- t yp e spreader. 
M lorganite supplied ome readily available nitrogen to the 
g~rminating see 11n~s and acted as a ca rrier fo r seed. 
The area was then watered for two and one-half hours 
using an irrigation system designed to give one i nch of water 
per acre every eight hours. On May 17, 1965 the area ~res 
rolled with a powered roller, so that the see would be in 
close contact ith t he soil. Very few of ~he clods 'er e 
broken up . Ho e er, they were compressed to ether more than 
before rollin .• 
Field design The area \ms laid out in a split-split 
plot desi gn with fif een gras s sp ecies, five salt levels ap-
plied at two different ttmes and four complete blocks as 
replications. 
The experimental area wa 240 feet long and 30 feet wide. 
It was divided into four blocks 60 feet long and 30 feet wide, 
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extending east and west. Each block contained five salt 
levels that were applied to plots 12 feet long and 30 f et 
wide extend1n north to south. hese plots ere spl1t in 
half lengthwise north - south for the time of application 
treatments. There were fifteen different grasses - each 
covering an area of 60 feet long by 2 feet wide. 
Dry e1 ht yields from t o harvests ere subjected to 
separate analysis of variance. Differences are discussed 
only if the level of significance was five per cent or lower. 
The "F" test described by Snedecor (42) was used to determine 
existence of significant treatment effects, and Duncan's 
multiple range test (13) was used to compare treatment means. 
•rhe mathematical model used in the analysis of harvest I and 
harvest II was as follows: 
where 
Y1jkl = A1 + Bj + (AB)ij + Ck + (AC)ik + (BC)jk + 
(ABC)1jk + D1 + (CD)kl + (AD)11 + (ACD)1kl + 
(BD)jl + (BCD)jkl + Eijkl 
Ai equals the block effect 
Bj equals the grass effect 
(A >13 equals error a 
C}t equals treatment 
(Ac)1k equals error b 
(BC)jk equals grass x treatment interaction 
(ABC)ijk equals error c 
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DJ_ equa.l s t m effect 
(CD)kl equals treatment x time effect 
(AD) 11 equals error d 
(ACD)ikl equals error d 
(D jl ~?<::uals era8 es :r t J:e interaction 
( ·CD) jkl equal~ grasses x t reatment x ime interaction 
Eijkl equals error e 
~h d .gr ee of freedom were distributed for harve t I as 
follo JS : 
Source 
Blocks 
Grasses 
Er ror a 
Treatments 
Error b 
Grasse x treatment s 
18 
12 
24 
Error c 72 
Time 1 
Treatment x time 4 
Error d 15 
Gr asses x time 6 
Grasses x treatments x time 24 
Error e _2Q 
Tbtal 279 
The degree of freedom rere distributed for harvest II 
as follotq-s: 
Source 
Blocks 
GraEses 
Error a 
Treat!llents 
rror b 
Grasses x treatments 
Error c 
Time 
reatments x t1me 
Error d 
Grasses :x time 
~ 
2 
6 
12 
4 
8 
24 
48 
1 
4 
10 
6 
Grasses x treatment x time 24 
Error e 
Total 
60 
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Two harvests were taken, one on June 14, 1965 and the 
other one on July 7, 1965. TO eliminate any boarder effect 
bett~een aCl levels and time of application, a :nine inch strip 
was mowed parallel to the treatment, time of application. This 
left an ar 48 inches x 171nches to be harvested at a three 
1nch cutt1n he1 ht. A rroro r~t ry mower l'T1 th a s veftteen inch 
blade was used ard sample~ ~ere coll cted in a paper sack 
(Figure 31). After all plots were harvested the entire area 
was molTed at three inches. 
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Figure 31. Foliar yi elds of co a rs t xtured gra~ e 
ary n trea .ments w1 t N Cl 1ero c 1 e ten. 
rotary mo wer dee1gned to suck clippi ngs ut 
t r ug Ph ot n+ a pap r sa.c1:: . 
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Results 
Dispersal and defloculation of heavy textured soil 
particles were noted at the two upper salt levels, 1262 and 
2525 ppm of NaCl. The dispersion of soil particles at the 
highest salt level is shown in Figures 32 and 33. 
Analysis of variance of harvest I showed that grasses 
and treatments had significant F values at the one per cent 
probability level (Table 20). A Duncan• s multiple range test 
at the five per cent probability level (Table 21) showed that 
tall wheatgrass was superior to all the other grasses in 
group A (Table 17). Tall wheatgrass germinated five days 
after seeding, faster than any of the other grasses. It had 
uniform cover and seedling establishment at all treatment 
levels (Figure 34). Grasses of group A (Figures 34, 35, 36, 
37, 38, 39 and 40) germinated within a five to fourteen day 
period, had fast seedling establishment and good foliar growth. 
Those grasses in group B (Table 17) did not germinate satis-
factorily within the first four weeks (Figures 41, 42, 43, 44, 
45, 46, 47 and 48). Blue grama and buffalograss were the only 
grasses in group B ('!able 17) to establish a solid stand of 
turf at all salt levels (Figures 46 and 47). 
The top half inch of soil was kept moist for five weeks 
by means of intermittent irrigation, to maintain sufficient 
surface moisture for optimum seed germination. 
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Figure 32. Sodium chloride applied to a heavy textured soil 
at a rate of 2525 ppm causes a dispersal of the 
soil particles and a destruction of goo soil 
structure. Note : this eondi tion as lighter 
colored ryer oil ·ithin the treated plot. 
93 
Figure 33 . Comparison of ermination , s eed in est blishment 
and foliar growth of several coarse textured 
grasses s eded at the same time. lote: that at 
the highest salt 1 vel, 2525 pm of aCl (11 ht 
color in background) gras e wer le s salt tol-
rant. Not ' also t e diff rent stages or 
seedling develo ment . 
F1gur 
94 
34. COmpar1 o~ of in tion, se d11n~ osta l is 
an fol1 pro of ta wh a ~rasu t. e 
l evel (631 pom of Cl) apDlied t~ro 
seed 1.n p- . ote! th , <'tense 'M e - f .n . , 
~ edl1ng e~tabli hment and foliar .rowth of 
hea t gr s s at this level of NaCl. 
nt 
salt 
fore 
goo 
tall 
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Figure 35. Comparison of erm1nation, seedling establishment 
nn fo iar gro of intermediate 'tvh at rass a t 
the C alt le el ( 6 ~1 ppm f JaCl) a p lied t~o 
week n before seeding . ·ote~ th1nne e of ~t nd 
of in e ··me-:;l:Jte l·Jteatgra ... s wit few 1>:eeds resent . 
1o li ~ e sta lis ent an foliar g rowth were 
noted at this level of NaCl. 
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Fi gure 36. COmparison of germination, seedling estab~i hment 
and foliar growth of reed canarygrass at the C 
salt level (631 ppm of NaCl) applied two weeks be-
fore seeding. Notes thinness of stand of reed 
canarygrass. Slow seedling establishment and 
foliar growth were noted at this level of NaCl. 
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Figure 37. Comparison of germination, seedling establishment 
and foliar growth of Russian ild-rye at the C salt 
level (631 ppm of NaCl) applied t o weeks befo re 
seeding. Note: thinnes of stand of Russian wild• 
rye 1th infestation of eede and slow seedling 
establi hment and foliar ro th at this level of 
NaCl. 
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Figure 38. Comparison of germination, seedling establishment 
and foliar growth of western wheatgra s at the C 
salt level (631 ppm of NaCl) applied two weeks be-
fore seeding. Notes the dense stand; good seedling 
establishment and foliar growth free from weeds at 
thi level of NaCl. 
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F1 ure 39. Co par1son of erm1nation, seedling establishment 
nd foliar gro th of lender whee. grass at the C 
salt level (631 ppm of NaCl) applied t o eek be-
fore eeding. Note: th dense stand, good seedling 
te.b11 hment an foliar rowt free from l e ds at 
this lev 1 of Cl. 
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Figure 40. Comparison of germination, seedling establishment 
and foliar growth of Kentucky 31 fescue at the C 
salt level (631 ppm of NaCl) applied two weeks be-
fore seed~ing. Note: good tand yet somewhat 
open in spots. Good seedling establishment and 
foliar growth were noted at thi level of NaCl. 
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1"1gure 41 . Compari !:.>On of e ermination, see ng est bl1 hment 
and foliar £rowth of alkali ~ton at the C salt 
level (631 ppm of aCl) ap lied t o eeks .f e 
seeding. ote: no erm1natlon of alkali sacaton 
nor weed eed at th1s level of NaCl. Alkali 
~aton also had lo germination at the no alt 
level . 
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1•11 ure 2. Compariso n of germination, edling establishment 
and fol ar rowth o f sand love&rass at t he C alt 
level (631 ppm of NaCl) applied two weeks before 
see 1ng. Note: no germination of sand lovegrass 
nor of weed seeds at his level of ~aCl. Sand 
love rass also had low germination at t h e no salt 
leval. 
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Fi ure 43. Comparison of germination, seedling establishment 
and foliar growth of sand dropseed at the C salt 
level (631 pp of NaCl) applied two eeks before 
seeding. Note: no germination of sand dro seed 
but t ere were several weeds established at this 
level of aCl. Sand dropseed also had very low 
germination at the no salt level. 
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Fi gure 44. COmparison of germination , seedl1n~ est b11shment 
and foliar growth of Kentucky bluegra~s at the c 
salt level (631 ppm of NaCl) a plied two eeks be-
fore seeding. Notes no germination of ent cky 
bluegrass nor of weed seeds at this level of Nacl. 
Kentucky bluegrass also had low germination at the 
no salt level. 
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F1£tt r 45. Com r1so. of ge 1nat1o:n • see 1np- s abli hment 
d foliar ro t of 1d -oats (';l'ama at the C salt 
lev 1 (63 pprn of ~aCl) applied t·o eelts before 
se np-. Not t no ermina 1on of ide-o ts grama 
nor of eefts at th1 level of NaCl. Side-
o t£t grama lso ad v ery poor germ1n tion at the 
no salt 1 vel. 
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Fi gure 46. Comparison of germination, seedling e tablishm nt 
and foliar growth of blue grama at the C salt level 
{631 ppm of NaCl) applied two weeks befor s ed ng. 
Not e. some ermi ation of blue grama but minimum 
foliar growth at this level of NaCl . Blue gr~a 
howed i mproved erm1nat1on at the no salt level 
(area in upper center of picture) . 
107 
F r 47. Co ;> .rts n 1 n, seedling e tablishment 
n . f~11ar b ffalograss a the C lt 
1 v 1 (631 ppm of .a 1) appl ied o week s b fore 
1ng No . : ~o e ge~lnation of buffalograss 
t 1 1mu foliar gro ~ at this level of NaCl. 
Thtffalograss had 1 prov d ermin tion at the no 
lt level. 
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Figur 48. Comparison of germination. eedl1n est blishment 
and foliar rowth of roy Kentucky blue~rasB at 
the C salt level ( 631 pp of aCl) appli d two 
weeks before seeding . Not e: no germ1na ion of 
Troy Kentucky bluegrass nor of weed see s at this 
level of aCl . Troy Kentucky bluegrass had low 
germination a t the no sal t level. 
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Table 20 . Analysis of variance of Harve t I for the dry 
weight of foliage from seven different coarse 
textured grasses grown at f1v levels of sodium 
chloride applied at t o different time int rval 
Source of d. f. sum of Mean F 
variation squares square 
Block 3 9R .31f34 32 . 7728 0.93 
Grasse 6 21~32 .8925 40 5. ~82 1 97 . 06** 
Error a 1E3 751.9444 l11 . 7747 
reatment8 1~ 155.0983 38.7746 7. 27"'* 
Error b 12 64 .0262 5.3355 
Gras es x treatments 24 183.4995 7.6458 1. 00 
Error c 72 552.3247 7. 6712 
Time 1 12 . 6863 12.6863 1.40 
Treatment x time 4 102 . 6912 25.6728 2. 84 
Error d 15 135. 4982 9.0332 
Grasses X time 6 4,1017 0. 6836 0.12 
Grasses X treatment x 
t ime 24 162.59 7 6.7746 1.22 
Error e _2.Q 499 . 6253 5.5514 
Total 279 
**Significant at the • 01 level of pro b111ty . 
Salt treatment affects on seven different ~ras es in 
group A were analyzed by Duncan' s multiple ran~e test (1 3) t 
the five per cent level of probability. Data from harvest I , 
taken 38 days after seeding showed that levels B, C and D, 
2 , 631 ~.n r'!. 1 ~2 opo of NaCl, respec 1 vely , hat h~ gher 
yields in grams on a dry weight basis than the check , 0 ppm 
of NaCl (Tabl e 22) . Lev ls A, B, D and E showed no signifi-
cant differ nee from one to another at the five per ce t 
probability level . 
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Table 21. Mean dry weight of foliage from seven coarse tex-
tured grasses grown at five levels of NaCl -
Harvest I 
Grasses Mean dry 
weight 
in gramsa 
Tall wheatgrass 
Intermediate wheatgrass 
Reed canarygrass 
Russian wild-rye 
Western wheatgrass 
Slender wheatgrass 
Kentucky 31 fescue 
12.4 
5.4 
4.9 
4.3 
4.2 
3.9 
2.9 
a 
b 
b 
b 
b 
b 
b 
aTreatment means having letters in common are not 
significantly different at the .01 level according to Duncan's 
multiple range test. 
Table 22. Effect of NaCl on mean dry weight of foliage from 
seven coarse textured grasses - Harvest I 
Levels 
c 
B 
D 
A 
E 
PPM 
631 
210 
1262 
0 
2525 
Mean dry 
weight 
in gramsa 
a 6.0 
5.4 
4.9 
4.7 
4.6 
a b 
a b 
b 
b 
aTreatment means having letters in common are not sig-
nificantly different at the .01 level according to Duncan's 
multiple range test. 
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On July 7, 1965 harvest II was taken in the same manner 
as harvest I. Analysis of variance of harvest II revealed 
that grasses and time of salt application had significant F 
values at the one per cent probablllty level (Table 2)). The 
interaction of grasses times treatment was significant at the 
five per cent probability level (Table 2)) . 
A Duncan's multiple range test at the one per cent prob-
ability level showed that slender wheatgrass and western 
wheatgra s had sign1f1eantly higher yields on a dry weight 
basis than the rest of the grasses (Table 24). Slender wheat-
grass and western wheatgrass were not significantly different 
from one another. Reed canarygrass, Kentucky 31 fescue and 
tall wheatgra s were significantly higher in dry weight yields 
than intermediate wheatgrass and Russian wild-rye but were 
lower in weight yields than slender wheatgrass and western 
wheatgrass. Reed canarygrass, Kentucky 31 fescue and tall 
wheatgrass were not significantly different from one another. 
Intermediate wheatgrass and Russian wild-rye were signifi-
cantly different from the rest and had lower yields . 
Dry weight yields are shown in Table 25 in grams for 
seven grasses at five levels of NaCl. There was an increase 
in dry weight yields at the C salt level, 631 ppm of NaCl 
(Figures 53 and 54). Slender wheatgrass had largest yields 
at the highest salt level, 2525 pp of N Cl. All other grasses 
showed some decrease in yield at the highest salt level. 
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Table 23. Anal is of variance of Harvest II for the dry 
le1ght of foliage from seven different coarse tex-
tured rasses grown at five levels of sodium 
chloride applied at two different time intervals 
Source of d .f. Sum of Mean 
variation squares square 
Block 2 9171.5015 4585 .7507 
Grasse 6 263768.2800 4396.3800 
Error a 12 22749.6980 1895.8081 
reatments 4 9046.6370 2261.6592 
Error b 8 13455.2170 1681.9021 
Graeses x treatments 24 12883.5550 .536.8148 
Error c 48 13708 .571 0 285.5952 
Ti me 1 7936.5759 7936.5759 
Treatments x time 4 3581.5896 895.3974 
Error d 10 3384.6182 33 .4618 
Gr as ses x time 6 995 . 4571 165 . 9095 
Grasses x treatments x 
time 24 7036 . 8730 293.2031 
Error e _£Q. 14842.8900 247.3815 
Total 209 
*Significant at t he . 05 level of probability . 
**Significant at the . 01 level of probability. 
F 
2 .42 
23.19** 
1.35 
1.88* 
23.44** 
2 . 64 
0 . 67 
1.18 
Figures 49, 50, 51 and 52 show differences between salt 
tolerance of grasses growing at the no salt level and the E 
salt level, 0 and 2525 ppm of Nacl, respectively. 
'l'he data from har v st II shows that th re were signifi-
cant differences at the one per cent level of probability be-
tween time of appli cation treatments 1 and 2, 106 .2 grams and 
118.5 grams, respectively {Table 26). reatment 2, salt -
wait two weeks and seed produced higher dry weight yields of 
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bl e 24. Mean dry wei ht of foliage from e en coarse ex-
tured gra ses grown at five salt levels of NaCl -
Harvest II 
Gra ses Mean dry 
lender wheatgrass 
Wes ·ern wheatgrass 
Reed canarygrass 
Kentucky 31 fescue 
'f1all wheatgra s 
Int ermediate wheatgrass 
Ru e ... ian 11 -rye 
wei ht 
in gram a 
172.7 a 
147.5 a 
113. 0 b 
109 . 4 b 
105.1 b 
78 . 2 
60 .5 
c 
c 
Trea ment eans having l etters in co llU'lon are not E'1g-
n1ficant ly diffe rent at the • 1 level according to Duncan 's 
mult iple range t t . 
Table 25. Dry weight yields of folia e from se en coar e 
textured gr asees rown at five lev ls of ~aCl -
Herve t II 
Grasses Treatment levels of NaCla 
A B c D E 
Kentucky 31 fescue 107 . 0 104.8 125.3 115.0 94. 8 
all l'1heatgrass 105.8 99 . 3 113.5 95.6 111.2 
Western wheatgrass 152.8 126.5 167.5 146.6 144.0 
Intermediate 
wheatgrass 69 . 3 75.0 84.8 88 .2 73.5 
Russian wild-rye 51.5 51.3 66.3 68 . 0 65 .. 3 
Slender wheatgrass 177.3 158.0 171.2 160.8 196.0 
Reed canarygrass 11 2.2 101.8 132.5 113.2 105.5 
8 Level A - 0 ppm; Level B - 210 ppm; Level C - 631 ppm; 
Level D - 1262 ppm; and Level E 2525 ppm . 
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Table 26. Influence of time of application of NaCl on dry 
weight yields of foliage from seven coarse tex-
tured grasses 
Grasses ~reatmenta 
Kentucky 31 fescue 
Tall wh a.tgra.~s 
Western wheatg·rass 
Intermediate wheatgrass 
Russian wi l d-rye 
Sl ender wheatgrass 
Beed canarygrass 
Total 
Mean 
1 2 
102.07 
98.1 3 
tl,J-2.67 
73.80 
58.13 
163 .93 
104.60 
71}3. 33 
106.19 
116.73 
112.07 
152.33 
82.53 
62.87 
181.40 
121.42 
829.40 
118 . 48 
aTreatment one salt and seed a t he same ti~e; treatment 
two salt wait wo weeks and seed. 
foliage than treat ment 1. sal t and seed at the ame time 
(Figure 55) • 
During hot summer months hen rainfall ~;a ... lacking, ome 
of these coarse textured grasses went dormant (~able ??). 
Slender wheatgrass and western wheatgrass become completel y 
dormant . Tall wheatgrass , intermediate wheat ra s and Russian 
wild-rye became only part ially dormant . Growing point er 
still green on some plants. Kent ucky 31 fescue gave a dark 
green appearance uhile reed canarygra.ss had 11 ht green foli-
age. Buffalograss and blue grama had a blue-green appearance 
and grew vigorously throughout the hot dry summer months. 
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Figure 49. Comparison of germina tion, seedling establishment 
and foliar growth of tall wheatgrass at two salt 
levels, no salt and level E (2525 ppm of NaCl) ap-
plied two weeks before seeding. Note: thinner 
stand and less foliar growth of tall wheatgrass 
in the plot receiving the salt treatment. 
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Figure 50. COmparison of germination, seedling establishment 
and foliar growth of slender wheatgras , Russian 
wild-rye and blue grama at two salt levels, no 
salt and level E (2525 ppm of NaCl) applied two 
weeks before seeding. Note: thinner stand and 
less foliar growth of Russian wild-rye and blue 
grama 1n the plots receiving the salt treatment. 
Note: uniform stand and freedom from weeds in 
plots of slender wheatgrass at both treatments. 
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Figure 51. Comp rison of erm1nation, seedling estab11 hment 
and foliar growth of reed canarygras at two salt 
lev ls, no salt and level E (2525 ppm of NaCl) ap-
plied two eeks before eed1ng. Note: thinner 
stand and less foliar growth of r ed canarygrass 
in the plot receiving the salt re t ent. 
11 
Figure 52. Comparison of germination, seedling establishment 
and foliar growth of western wheatgrass at two salt 
levels, no salt and level E (2525 ppm of NaCl) ap-
plied two weeks before seeding. Note: thinner 
stand and less foliar growth of western wheatgrass 
1n the plot receiving the salt treatment. 
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Figure 53. Dry weight yields of foliage from Kentucky 31 
fescue, Russian wild-rye and reed canarygrass 
grown at f1 ve levels of Na.Cl . No te: both 
Kentucky 31 fescue and reed canarygrass had higher 
yields than Russian wild-rye. At 631 ppm of NaCl 
dry weights were increased above all other treat-
ment levels including the check. uss1an wild-rye 
did not decrease in yield at the higher salt levels 
whereas Kentucky 31 fescue and reed canarygrass did. 
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F1 ure 54. Dry wei ht yield of foliage from slender wheat-
eras , estern heatgras , tall he t rass- and 
1 te ed1ate wheatgrass. Note: di tinct 1n-
d1v1 uality of each variety of heatgrass. calt 
tol ranee in decreasing order ~as slender whea 
rasa > e~tern wheatgras > tall wheatgrass > 
intermediate uheatgrass. 
1.1 
Figure 55. Comparison of effects of time of NaCl application 
on germination, seedling establishment and foliar 
gro th of intermediate hea grass and Russian wild-
rye at level E (2525 p m of aCl). Note: thinner 
stan and less foliar growth of these resses 
from sal and seed. treatment a~ com ared to heavier 
stand and more foliage growth fro~ the salt . ait 
two week and seed trea ment. 
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Table 27. Visual color response of fifteen different coarse 
textured grasses growing under hot dry summer 
conditions and cool wet fall conditions 
Grasses 
Slender wheatgrass 
·~estern wheatgrass 
Reed eanarygrass 
Kentucky 31 fescue 
Tall wheatgrass 
Intermediate wheatgrass 
Russian wild-rye 
Buffalo grass 
Blue grams 
Alkali sacaton 
Sand lovegrass 
Sand drop seed 
Troy Kentucky bluegrass 
Kentucky bluegrass 
Side-oats grama 
August 17,a 
1965 
D 
D 
LG 
G 
LG, SD 
D, W 
LG, D 
BG 
BG 
w 
G, W 
LG, W 
G, W 
G, W 
BG, W 
September 22,a 
1965 
BG, W 
BG 
LG 
G 
G 
BG 
G 
BG, D 
LG 
LG, W 
D, W 
LG, W 
G, W 
G, W 
D, W 
8 BG = blue-green color of turf; G = green color of turf; 
LG = light green color of turf; D = dormant turf; SD = some 
dormancy present; and W = weeds present in plots. 
Only slender wheatgrass did not fully recover from gum-
mer dormancy by September 10th. From 50 to 75 per cent thin-
ning of slender wheatgrass was noted at that date. 
Conductivity readings of soil extracts indicated a trend 
toward higher salt concentrations where more salt had been 
applied (Table 28). It was indicated that slightly less salt 
was recovered under salt and seed treatments than salt and 
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Table 2 • Conductivity of soil extracts from field plot~ -
experiment four 
Level of 
NaCl in 
ppm 
Time of salt a9plication 
0 salt wait 2 ; ek and seed 
salt and seed 
21 (!alt wait 2 weeks and seed 
coalt and eed 
, 31 alt wat 2 week and seed 
salt and seed 
1262 salt wait 2 weeks and seed 
alt and see 
2.52.5 salt ai t 2 weeks and se d 
salt and seed 
asoil sample were taken August 18, 
conducti vi 'G
5
· y in 
mhos x 1 - at 
25oc a 
2 
20 
2.5 
22 
30 
27 
36 
3 
.51 
60 
t96.5. 
wait two weeks and seed treatments. This trend did not hold 
at the level E (2525 ppm of NaCl) . Differ nces between 
specific salt levels ere not well correlated with differences 
between conductivity r adings. 
1scuss1on 
Res onses of grasses to salt applications were s1gnif1-
cantly diff rent at the one per cent probab1li y level, oth 
with harvest I and harvest II (Tables 20 and 23). Tall 
wheatgrass had the hi best dry weig yield of all grasses 
at the first harvest. Since tall wheatgrass germinated 
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raster than any of the grasses, it had a head start. It 
germinated fiTe days after seeding and produced uniform cover 
and seedling growth at all salt levels. The other six grasses 
in group A germinated within a two-week period and produced 
good foliar growth at all salt levels. 
Grasses for highway use mu t germinate quickly, establish 
re dily and make rapid foliar growth . All seven of the 
grasses in group have these growth characteristics, whereas 
those of group B do not (Table 17). 
Harvest I showed that NaCl promoted growth above the 
check, level A, at levels B, C and D, 210, 631 and 1262 ppm 
of NaCl, respectively. Salt level C produced the highest 
yields in both harvest I and harvest II (Figures 53 and 54). 
Taylor (45) and Uhvits (48) noted that NaCl had a beneficial 
effect on growth of germinating seedlings up to levels of 5 
to 7.5 atmospheres . Above the e concentrations growth de-
creased. This is in accordance with the results of Hayward 
and Spurr (24). Since growth in the above experiment was 
measured in fre h weight of foliage, and since about 90 per 
cent of fresh weight of foliage is water, the influence of 
salt on water absorption may have been largely responsible for 
yield differences. Since absorption of water increases as 
internal osmotic pressure increases, an unequal rate of water 
absorption could account for differences in growth at variou 
levels of NaCl (47). 
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Taylor (45) showed that the imbibition of seeds in cae12 
solutions were equal to, or greater than, that in NaCl solu-
tions, suggesting that growth was increased by the presence 
' ¥ 
of sodium tons rather than calcium tons. Ordin (34) stated 
that the absorption of salts (NaCl, KCl and KN03) resulted 1n 
increased metabolism and elongation, and did not produce toxic 
effects except a t high concentrations. 
Salt levels produced significant differences (at the one 
per cent level) in harvest I. Salt levels did not produce 
significant differences 1n harvest II. The amount of rainfall 
that was recorded in May and June may have resulted in down-
ward movement of NaCl in the soil profile, (Table 29) thereby 
removing any treatment effect at harvest II (Table 23). 
Grasses times time of application treatment interactions 
were significant at the five per cent level of probability 1n 
harvest II (Table 25). Each grass showed a distinct response 
at each salt level (Figures 53 and 54). In all instances, the 
dry weight yields at the highest level of NaCl were either 
above or just slightly below the check (Figures 53 and 54). 
The application of sodium chloride to the soil at two 
different times produced differences in yields that were 
significant at the one per cent level of probability (Table 
23). Treatment two (salt, walt two weeks and seed) pro-
duced a higher dry weight yield of foliage than treatment one 
(salt and seed at the same time) (Figure 55). This 
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Table 29. The amount or rainfall in inches during a period 
from May 1, 1965 to .July 31, 1965 
May Rain .June Rain July Rain 
5 0.18 1 . 15 2 0.24 
7 0.10 3 0.55 .5 0.07 
8 0.28 4 1.5 6 0.22 
14 0.01 6 0.47 
21 0. 08 8 0. 58 
22 1.1.5 20 o.o6 
23 0.03 26 0.17 
24 0.01 28 0.65 
25 0. 31 29 0.52 
26 2.08 
29 0. 4.5 
Total 4 . 68 ':'otal 4 . 6.5 tal .53 
Total for the three months 9 . 86 inches 
difference may have resulted from the downwar mo vemen of 
NaCl in the soil profile duri ng abundant rains (7.35 inches) 
before the fi rst harvest. Another explanation may rel e o 
a larger proportion of the Na and Cl ions tied up on exchan e 
sites prior to seed ger.nination under salt wait t o reeks and 
seed treatments than under salt and eed tr tents. 
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EXPERIMENT V 
Greenhouse Solution CUlture Study 
Object! ve 
o study growth characteristics, and sod and root forming 
potential of ten coarse textured grasses . 
Material~ and methods 
The experiment was p erformed using a solution culture 
technique similar to the one repo rted by .acLeod and Bredak1s 
(31, 5) . This method was selected so that preci~e nutri nt 
level coul d be mainta ined . It ~uld have been more difficult 
to achieve this control in a soil sy tem because of the com-
plex interaction between nutrient ions and soil coll idal 
pe.rticles . 
Each culture unit con isted of a glaz~ gallon crock of 
6 1/2 inche ~ inside diameter filled with nutri nt solution 
and a plexiglas£ culture lid to hold the so • he cul ure 
l i d con isted of a 9 1/2 inch square top frame wit e. 6 3/4 
inch diameter hol in the center in which turf , s produced. 
The bottom frame was 8 inches in di ameter and had 4 equally 
spaced 3/4 inch holes through which t he roots grew. ~hese 
two plexi lass frame s were s crewed toget her to hold a fiber-
glass screen and a glass wool see bed between th • he top 
frame was covered with aluminum aint to e elude light from 
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the solution . This prevented growth of algae. A fully 
established turf produced 40 square inches of surface above 
the culture units. 
Aeration was provided by a small electric airpump . Air 
was delivered through a central rubber tubing system which 
branched off to each culture by a glass •T" tube connected to 
rubber tubing and a 1/2 mm . capillary tube that was inserted 
into the solution through a hole in the edge of the culture 
lid. 
Turf was established by seeding ten coarse textured 
grasses (Table 30) at a calculated rate of 100 live seeds per 
culture lid . The per cent germination and purity of seed 
used was the same as that for seed used in experiment three . 
The seed bed was covered with a layer of granite chips to 
hold the emerging seedlings in place. These grasses were 
grown under a low nitrogen level, 25 ppm of N. 
CUltures were seeded on January 16, 1965 and the experi• 
ment was terminated on April 8, 1965. With the exception or 
nitrogen, the solution contained all of the essential elements 
at concentrations that were optimum for growth of turf grasses 
(Table 31). The surface of culture lids were moistened only 
as needed during the germination period. Air pressure was 
adjusted in the tubes to produce vigorous bubblin and this 
helped keep the seed bed moist. 
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Table 30. Varieties of grass seed used 1n solution culture 
experiment 
Common name 
Kentucky 31 fescue 
Russian wild-rye 
Re d canarygra s s 
Slender wheatgrass 
Side- oats grama 
Buffalo grass 
Blue grama 
Sand lovegrass 
~Jestern wheatgraee 
Intermediate wheatgrass 
'Tnbl 31. Con cent ratione 
Salt 
( NII4)2 4 
Ca( N0 3)2 • 4H20 
K2F..P0 4 • 3£2 
C3 04 • 2H20 
MgS 4 • ?H20 
e2(S04 )3 
H3B0 3 
rtnso4 • H20 
Zn 04 • ?H20 
CaS04 • 5H20 
(NH4)6No7024 ~ 4H20 
Scientific name 
Festuca arundlnacea 
Elymus junceus 
halar1 s arundinacea 
Asroprron trachrcaulum 
Bo.uteloua curtipendula 
Buohloe dactylo1des 
Bouteloua gracilis 
Eragrostls tr1chodes 
Agropyron sm1 thii 
Agropyron 1ntermedium 
of salt s used in nutrient solution 
Molarity 
0.1 X 10-
0 • .53 x t o-3 
0 . 3 0 x lo-3 
2. -J? X 10-) 
0 .79 x t o-3 
• 11 XL ... -l 
0 . 90 X L -5 
0. 45 x t o-5 
0 . 15 X 10-5 
0.1 6 X 10-6 
0 .16 X 10-7 
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_hroughout the experiment artificial lisht1ng was used 
to increase the day length to 16 hours and prov1 e ore opti-
mum condition for growth. Grasses were clipped at a t hree 
inch height approximately every five to seven days . Solutions 
were changed weekly and. distilled water was added to keep the 
level constant. The t emp erature of the greenhouse, in which 
the experiment was conducted , was maintained at 22°C durin 
the experiment. Roots and cro·wns of plants were dipped period-
ically in a one per cent chlordane solution to control aphidQ, 
and fungus gnats. 
Statistical design A randomized design was employed 
in this ei~ eriment with three replications of ten grasses. 
Dry weights of to s , an sod and roots were subjected to an 
analysis of variance. Differences are discussed only if the 
level of significance was five per cent or lower. ~he F" 
test escribed by Snedecor ( 42) wa s u ed to determine exist-
ence of significant treatment effects and Duncan's multiple 
range test (1 3) was used to compare treatment means. The 
mathematical model u sed in the analysis was as follows: 
Yij = y + Gi + Eij 
where 
y equals th mean 
Gi equals the grass effect 
Eij equals the experi mental error 
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Results 
The total vege ative growth remove when turf wa clipped 
at three 1nche and the total root orodueed sho ed that there 
were ignif1eant differences between grasses at the . 01 level 
of probability (~ables )2, 33 and )4). A Duncan's test at 
the five per cent leTel indicated that reed canarygrass, 
Kentucky 31 fescue and intermediate wheatgra s produced more 
foliage than other grasses . Russian wild- rye and lender 
wheatgrass ere significantly higher in dry weight yields 
than side- oats gram and sand lovegrass . 
Kentucky )1 fescue produced more sod than any of the 
other nine grasses at the one per cent level ( able 37) . 
Western wheatgrase and blue grama were not uccessfully 
established and sod growth was poor . 
Kentucky 31 fescue produced more roots than the other 
nine grasses (Table 36). Reed canarygrass, intermediate 
wheatgrass, slender wheatgrass, Russian wild-rye, sand love-
grass, side-oats grama and buffalograss were not significantl y 
different from one another at the five per cent level . 
However, they ere significantly higher in root production 
than either western wheatgrass or blue grama . Western wheat-
grass and blue grama germinated poorly on culture lids and 
should not be evaluated on these results alone. 
Seasonal growth of grasses was markedly varied. Ken-
tucky )1 fescue, intermediate wheatgrass, reed canarygrass 
Fi re 56. 
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Table 32. Analysis of variance of the dry weight yields of 
seven coarse textured grasses grown in solution 
culture 
source of d.f. Sum of Mean Stand- F 
variation squares square ard 
error 
Grasses 6 82.7548 13.7925 52.34** 
Replications 2 1.3654 .6827 
Error ll._ 3 .1617 .2635 0.569 
Total 20 87.2819 
**Significant at the .01 level of probability. 
Table 33. Analysis of varian e of the dry weight yields of 
roots of ten coarse textured grasses grown in 
solution culture 
Source of d.f. Sum of Mean Stand- F 
variation squares square ard 
error 
Boots 9 72.06 8.01 96.08** 
Replications 2 0.02 • 01 
Error 1& 0.75 .04 0.667 
Total 29 72. 83 
**Significant at the .01 level of probabil1 ty. 
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~abl 34. Analysis of variance of the dry weight yields of 
sod of ten coarse textured grasses grown in 
soluti on culture 
source of d .f. Sum of Mean Stan ard F 
variation squares square error 
Sod 9 188.61 20.95 95.22** 
Replications 2 0.51 0 . 25 
Error .1.§. 4.00 0.22 0 .28 
Total 29 192.12 
**Significant at the .01 level of protebil1ty. 
Table 35. Total dry wei ght yields of foliar growth from 
seven coarse textured grasses clipped at a three 
inch hei ght 
Grasses 
Beed canarygra s 
Kentucky 31 fescue 
Intermediate wheatgrass 
Slender wheatgrass 
Russian wild-rye 
Sand lovegrass 
Side-oats rama 
l·fean dry wei ght 
yields in gramsa 
7.1 a 
6 .6 a 
6.5 a 
3.8 b 
3.7 b 
2.4 c 
1 . 9 c 
aTreatment means having letter in common are not sig-
nificantly different at the . 05 l evel according to Duncan's 
multiple range test. 
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Table 36. Total dry weight yields of roots from ten coarse 
textured grasses 
Grasses Mean dry weight 
yields in gramsa 
Kentucky 31 fescue 
Intermediate wheatgrasE 
Reed canarygrass 
Russian 1ld-rye 
Sand lovegrass 
Side-oat grama 
Slender wheatgrass 
Buffalo ra s 
Western wheatgrass 
Blue grama 
5.5 
2.5 
2.2 
1.3 
1.0 
0.7 
0.6 
0.4 
0.1 
0.1 
a 
b 
b 
b 
b 
b 
b 
c 
c 
8 Treatment means having letters in common are not sig-
nificantly different at the .05 level according o Duncan's 
multiple range test . 
Table 37. Total dry wei ght yields of sod produced from ten 
coarse textured rasses 
Grasses ean ry wei ght 
yields 1n ~ramsa 
Kentucky 31 fescue 
Intermediate wheatgrass 
Reed canarygra s 
Russian wild-rye 
Side-oats grama 
Sand lovegrass 
Slender heatgras 
Buffalo grass 
Western wheatgrasC! 
lue grama 
8.0 
6.) 
5.3 
4. 4 
3.3 
2.3 
2.1 
1.2 
0.2 
0.1 
a 
b 
b c 
c d 
d e 
e r 
e r 
f g 
g 
g 
aTreatment means havin letters in common are not i g-
nificantly different at the . 01 level acco ding to Duncan• 
multiple range test. 
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and Russian ild-rye had measurable yields early in February 
(Figures 57, 58, 62 and 60, respectively) . Slender wheatgrass 
and side-oat grama had measurable yields by mid-February 
(Figures 64 and 66, respectively) whereas, sand lovegrass did 
not produce measurable yieldE until late in February (Figure 
68). Fresh weight increased rapidly in Kentucky 31 fescue 
through early April, except for a period from mid-February 
until late larch when yields fluctuated about 2 grams (Figure 
57). Intermediate wheatgrass increased in fresh weight yields 
rapidly until early March and then declined (Figure 58). 
Fresh weight of reed canarygrass increased very rapidly while 
dry weights increased at a slow rate . iinor fluctuations 
were noted in dry weight yield of reed eanarygrass whereas, 
major fluctuations were noted in fresh weight yields (Figure 
62) . Major fluctuations in fresh weight yields were noted 
as minor fluctuations 1n dry weight yields in slender wheat-
grass (Figure 64). Side-oats grama increased in fresh weight 
yields slowly in March and leveled off in April (Figure 66) . 
Sand lovegrass was the slowest of the grasses to become 
established but increased rapidly in fresh weight yields 
once established (Figure 68). 
Discussion 
Sod and root development from Kentucky 31 fescue was 
superior when compared to nine other grasses (Figures 59, 61, 
63, 65, 67, 69, 70, 71 and 72) . Kentucky 31 fescue had the 
~ 4.0 
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0 
"' : 
"' 
2.0 
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0 .5 
KENTUCKY 31 FESOJE 
FRESH WEIGHT--
DRY WEIGHT ------
I 2 
I :i:> ~ 
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Figure 57 . Preeh and ry ei g t y1~lds of K ntucky ~1 f 
folis • Note ·ea ur ble y1el~s star d in 
F'ebru ry. Fr h ·e1 ·ht s increa.E!ed rapidly t ugh 
earJ.y April, e cep for p riod from m1 d-Pebruary 
until late March -hen yield f uctuat b t een 2 
and sligb ly belo 4 rams er culture p er harvest. 
Dry weights increased slowly from February to April. 
... 
0 
2.0 
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INTERMEDIATE WHEATGRASS 
FRESH WEIGHT - -
CRY WElGNT ------
2 2 2 2 2 3 
\!i9 23f't3; II 
HAIWEST OATES 
4 
8 
Figure 58 . Fresh and dry eight yields of intermediate wheat-
grass foliage . .Tot e mea~urab e yi 1 s.tarte the 
last of January. F'resh wei ht yields increaEe 
rapidly lL'I'ltil early I• arch and th n declined. Dry 
_ el ht y i l d increased slowly un 11 early Itlarch 
an th n de lined slowly . 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
KENTUCKY 31 
FESCU 
INTERMEDIATE 
WHEAT 
I • • • • • 
Ftgure 59. Comparison of so and root develo~ ent from ·en-
·ucky 3 fe ·c and nterme . e wh at~ras • Not e 
rabl sod but sl1, htly e er oot 
sy te for in e e wh at. nt rm diate heat 
shored ryoor colo and innicat1on of sod deterio r a -
a s noted pri r t th final ha.rveQt. 
Pi ure 60. 
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RUSSIAN WILORYE 
FR£SH WEIGHT--
DRY WEIGHT ------
0.5 -l!r-----l!r---- --6------fr--- -n-.. 
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I ~ :'! 
resh s d dr.-
fo 1 s c-
rehrua v and 
ee rly April. 
trroug at 
Apr1 • 
e1g . yields of E.u 1arl v1l -rye 
e~rureb] ~ y1 1 s ~ta.rted in arly 
nc.reas at oo eratf> ra . through 
ry tTe .ht yield£ leveled of 
rch and d cr ~~ d 11 h ly in early 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
...... 
~----------~----------
KENTUCKY 31 
FESCU WILD RYE 
Figure 61 . Co mp rison of sod and ro t d evelopmen from Ken-
t uc.k.f 31 fe~::cue an us sian i:1ld- rye . ~: o e com-
parabl_ ~o ~an s, but~ weaker root sy t e~ for 
ssi n 11 -ry • riill -rye als ha.s a more up-
ri ht ha 1 of gro th. 
0.5 
REED CAHARYGRASS 
FRESH WEIGHT--
DRY WElGiiT ------
112 
I 2 2 2 2 2 2 2 3 3 3 
273titt5 I :il :'! t 
HARY£ST OATES 
3 3 3 3 4 4 
Figure 62. Fre h and dry weight yields of reed canarygrass 
foliage. Not e measurable y1elds started in early 
February. Fre h weight yields increased very 
rapidly while dry weight yields increased at a 
slow rate. Ma jor fluctuations in fresh weight 
yields are noted as minor fluctuations in dry 
weight yields. 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
- •• ' •••••• 0 
......... 
0 • 0 •••••• 
REED 
CANARY 
Figure 63 . Comparison of sod and root development from Ken-
tucky 31 fescue and reed canarygrass. Note good 
sod and root production for reed canary. Reed 
canary had a more upright habit of growth than 
Kentucky 31 fescue. It also had a more soft 
succulent foliage of poorer green color. 
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6. 
SLENOER WHEATGRASS 
FRESH WEIGHT--
5. DRY WEIGHT - - ----
"' ii! 4.0 
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I 2 2 
I 
!5 :'! 7 
23 33333344 
21 3 7 1'1 15 19 23 21 31 4 
HARVEST DATES 
Fi gure 64 . Pre h and dry weight yields of lender wheat rass 
foliage. Note measurable yields started in mid-
February and increased at a moderate r te through 
early pril . Major fluctuations in fresh eight 
yields ere noted as minor fluctuations in dry 
eight yields . 
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GROWtH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
. . . . . ----------------.-------------... ..... .............. 
. . . . . . . . . . . 
• • 0 •• • ••••• 
• 0 ••• • 0 ...... 
• • • • • • • 0 • • • 
• • • • 0 • • • • •• 
KENTUCKY 31 
FESCUE 
• 0 • • • • • • • • • • ••••••• • 
SLENDER 
WHEAT 
Fi ure 65 . Comparison of sod and root dev lopment f rom Ken-
tucky 31 fescue and slender heatgras • ote a 
slightly weaker sod stand nd a much weaker root 
syst for slender wheat. Slender at ha a mo re 
upright habit of growth and poorer color . 
... 
0 
"' ~ 
~ I 
2.0 
0.~ 
14C 
SlOE-OATS GRAM~ 
FRESH WEIGHT--
DAY WElGHT - - - - - -
I 2 2 2 
t 
23333 3 334 
27 3 1 II 15 19 2.3 ir 31 4 
4 
HARVEST OATES 
4. r y e1 t yields of id.e-oats gr ama 
Note measurable yields star ted about m1d-
~ increased slowly through early April . 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
. . . . . . .--------------------------~ 
KENTUCKY 31 
FESCUE 
SIDE OATS 
GRAMMA 
Fi ure 67 . Com ar1 on of sod and root dev lo ment from Ken-
tucky 31 fescue and side-oats rama . Note thinner 
stand , mo re upright habit of growth and weak er 
root system fbr side-oats grama. 
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6. 
SANO I..Cl\IE GRASS 
FRESH WEIGHT--
5.0 ORY WEIGHT ------
"' iil4.0 ., 
0:: 
2.0 
2 
~ 
2 2 
7 h 
2 2 2 
i! j§ ~ 
-6--~---
...c.----l!r---.fr---ll 
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15 19 z3 'l:7 31 4 8 
F1 e 68. Fre~ . a dry of san lov-gras fol1 -
aee. ote e sur ble yields start in late Feb-
ruary . Fr s i g~t y1e d increased rapidly while 
dry wei _ ytel s 1nerea ed slolJly. No major 
fluctuations in yiel w re ote • 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
KENTUCKY 31 
FESCUE LOVE GRASS 
Figure 69 . Com. ariEon o f sod and co eve o ent from Ken-
tucky 31 fescu e and e.nd lov gras~. Note thinner 
stand , mo re upright bit of ~rowth, nd weaker 
root system for san 1 ve rass. 
t 50 
GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
. . . . . -.·--------,--------
• • 0 •• 0 .. . . .. . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . 
• t . . . . . 
KENTUCKY 31 
FESCUE BUFFALO GRASS 
Figure 70. Oo par1son of sod and root development from Ken-
tucky 31 fescue and buffalograss . ote poor stand 
and root development 1n buffalo gras • Foliage did 
not reach a three inch e1g t, thus clippings were 
not taken. 
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GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
... . . -------_,.,.-------
. . . . . . . . . . " . 
KENTUCKY 31 
FESCUE 
. . . . . . . . . .. ......... . 
BLUE GRAMMA 
F'i gur 71 . Compar1 son of sod and root develo~rmerJ frorn K n-
ucky 31 fescue and blu 0rama . ote poor ge 1na-
t 1on and Et ncl of blue gra.ma . Stand l1"a too thin 
for foliar yiel~s to b e meaningful . 
15:? 
GROWTH CHARACTERISTICS OF 
COARSE TEXTURED GRASSES 
.. . . . . --..-- ------ --------- .... . 
. . . . , .. 
KENTUCKY 31 
FESCUE 
• • •••••• •• • •••••••• 0 ••• 
WESTERN WHEAT 
F e-vr 72 . f a • d f'V lopm~rJ t fro m 't\Pn-
a r t.o- .s rn h e tp rass. No e 
rroina ion E .a c an\,_ root d e op en . 
we t n h tFraE~. t oo thin for 
fol1 r yi 1 ~ to be mean! 
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greenest foliage of all grasses grown under lo nitrogen . 
Large acreages of land adjacent to highways have been uc-
cessfully seeded ith Kentucky 31 fescue . Reed canarygrass, 
Kentucky 31 fescue and intermediate wheatgrass produced more 
foli ge than the other grasses . However, intermediate wheat-
grass showed poor color, and indications of sod deterioration 
were noted prior to the final harvest. Reed canarygrass had 
good sod nd root production yet 1t had only one-half the dry 
weight yield of Kentucky 31 fescue (Figure 63 and Table 36). 
Both reed canarygrass and Russian wild-rye had a more up-
right habit of growth than Kentucky 31 fescue. Grasses with 
an upright habit of growth may not withstand clipping below 
three inches. 
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DI CUS IO D CO LU IO S 
In many parts of the United States, severe weather con-
ditions hamper use of vehicles that travel at high speeds along 
modern highways during several months of the year . Snow and 
ice constitute serious road hazards in the northern half of 
the country . Various forms of deicers have proven to be most 
economical, thereby keeping highways clean and dry so that 
traffic can move safely at high speeds. In Io• , where win-
ters are severe, deicers are relied upon to keep Interstate 
highways ice free. 
On some sections of I-80, 24,000 pounds of NaCl per mile 
per four lane highway per year have been used for ice re-
moval. This rate has been used for the past two years, and 
has resulted in damage to soil structure and ve~etat1on. 
Problems 1n establishing ve~etative cover in median and side 
slope areas have resulted. Injury to established turf and 
germinating seedlings has been greater where soils were low 
in organic matter (glacial till) than where soils were high in 
organic matter. 
Application of gypsum to these saline areas has been sug-
gested as a means of removing Na ions from oil colloids . 
This method is costly and considered impractical in Iowa for 
roadside use. SUccessful use of gypsum requires adequate 
rainfall and moisture in the soil. Sodium ions must be re-
placed on soil colloids by Ca ions, so that the Na is leached 
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from the area. Maxi um rainfall in Iowa usually comes in the 
spring, early gummer and fall. Much of this rain water runs 
off. Only a small amount penetrates through the soil profile . 
Practical use of gyp8Um to reclaim soils have been successful 
where irrigation could be employed to leach Na ions from the 
upper portion of the soil profile. The simplest and most ef-
fective approach to this problem is ecological. However, the 
probability of finding grasses that exhibit the characteristics 
of germinating in five to ten days, surviving and prospering 
under variable conditions, exhibiting salt tolerance and being 
winter hardy is low. Yet, from the results of this study four 
species of wheatgrass - intermediate, slender, tall and western 
- fit these stringent requirements rather well. Russian wild-
rye, reed canarygrass and Kentucky )1 fescue also have these 
characterietics. These grasses have exhibited salinity toler-
ance in experiments conducted along Iowa Interstate 80, in 
greenhouse pot studies and in field plot experiments. Sand 
lovegrass, blue grama and buffalograss showed some degree of 
salt tolerance at the highest salt level, 5050 ppm of NaCl in 
the greenhouse pot study. The grasses cited above have a po-
tential use in seed mixtures to be used along Interstate high-
ways 1n Iowa. 
Kentucky 31 fescue, intermediate and slender wheatgrass, 
reed canarygrass and Russian wild-rye developed good root 
systems when grown 1n solution culture at a low nitrogen level, 
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25 ppm of available nitrogen. This amount of nitrogen is 
equivalent to 12 pounds per acre of available nitrogen under 
field conditions. Kentucky 31 fescue showed superior root 
and sod growth and foliar color when compared with the other 
grasses, however, several grasses evaluated under field con-
ditions showed good foliar color as well as salt tolerance. 
They were tall wheatgrass, western wheatgrass, sand lovegrass 
and buffalograss. Buffalograss, stoloniferous in nature, 
produced a dense cover which extended two feet beyond its 
original plot limits within three months. 
All of these grasses withstood a cutting height of three 
inches. They maintained good cover and foliar growth when 
clipped four times during the 1965 season. 
Conductivity readings from the Wheatstone bridge appa-
ratus (Tables 5, 9, 13 and 23) indicate that this method of 
determining soluble salts has some limitations particularly 
at low salt concentrations. A possible lack of sensitivity 
at low salt concentrations may be responsible for small dif-
ferences noted between some salt treatments. Also the rela-
tionship between conductivity and ppm of NaCl is curvilinear 
rather than linear. At low salt concentrations there is less 
increase in conductivity per unit of salt than at high salt 
concentrations. This tends to decrease differences between 
conductivity readings at low salt concentrations. 
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Further, conductivity readings m asure total soluble 
salts active in the soil solution. This includes salts other 
than sodium chloride. Since salts vary 1n their effect on 
soil conductivity, readings shown in Table 13 represent an 
expression of all ions. In addition, some salts were un-
doubtedly tied up on exchange complexes in the soil and some 
were absorbed by grass plants . Removal of salts from the 
soil solution in these ways may have accounted for minor 
variations in conductivity readings. 
Basic practices that have been employed by turf man-
agers in establishing turf grass from seed or sod should be 
employed along vast areas of roadside turf. Proper seeding 
rates and seed mixtures , proper soil moiture relations, 
rolling after seeding - not before - and covering seed beds 
with mulch are all essential for establishment of turf along 
roadsides. Use of fertilizers at the time of seeding and a 
second and thirdapplication of inorganic fertilizer after 
turf has become established, helps to maintain and promote 
healthy vigorous and competative turf. These management 
practices are essential in establishing fine looking turf 
along median and side slope areas. Only weeds and undesir-
able annual grasses will persist in areas of low fertility 
and poor management. If mowed too close, the growing points 
may be damaged or removed and the decrease in leaf area will 
be injurious to plant growth. 
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In bot the greenhouse pot B udy an fiel· experiments 
at the Horticulture farm, he lower two treatment~ of o 1u.m 
chloride resulted 1 1ncr asecl groli . , xpres ec as high r 
fresh and dry ~?E:i ght y1cldc bove he check. 
SUMMA BY 
Soluble salt determinations were made on soil samples 
taken from six location along Interstate 80 in Johnson 
County, Iowa. These determinations showed that there were 
soluble salt gradients established in the median and side 
slope areas. These salt levels formed the basis for se-
lecting salt treatments later u ed for greenhouse pot and 
field plot studies. 
Soils along the Interstate system, where salts have be-
come a problem, are classified as non-saline alkali soils . 
Graphs showing the relationship between conductivity 
readings and concentrations in m111iequivalents per liter of 
NaCl and grams of NaCl per 100 grams of water are of value 
for converting electro conductivity to ppm nd percentage ot 
sodium chloride. However, much depends on proper interpreta-
tion of data. 
The amount of organic matter present in soils has a 
direct bearing on alt tolerance of grasses . The greater the 
amount of organic matter in the soil the greater the concentra-
tion of sodium chloride vegetation will tolerate before 
showing injury. 
High levels of sodium and chloride 1n median and side 
slope soils have caused inhibition of seed germination, seed-
ling growth and 1njur1es to established turf. 
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Results of field experiments indicated that seven coarse 
textured grasses have potential u e in soils of a non-saline 
alkali nature. Thes grasses are entucky 31 fe cue, tall 
whaatgra s, we tern l eatgra s, slender wheatgra s, ntermed1-
ate wheatgrass, Russian wild-rye and reed canarygras • In 
the greenhouse pot stud mnd lovegrass and blue grama showed 
good salt tolerance, however, germination of these t o grasses 
was not uniform. 
In field plot studies buffalograss and blue grama were 
slow 1n estab11sh1nv. cover but produced good growth and cover 
during the hot dry summer period. Blue grama showed injury and 
laek of cover at the hi hest salt level, 2525 pm of NaCl. 
Kentucky 31 fescue ha the best color during dry summer 
periods, It r11-as followed by buffBtlograss and blue grama. 
Durin hot ther heatgrasses became dormant. All but slen-
der ~ eatgrass reco ered ith green lu h fo1lage after a 
serie of fall ra1.ns. Slender wheatgra s was deere sed in 
stand fro 50 to 70 per cent. 
S~dium chloride w s beneficial to foliar rowth at 210, 
631 and in some instance 1262 ppm . These results ere con-
s1stant in bot greenhouse and field experiments. 
Ee~ultE from solution cultur tudies indicate that during 
cool gro 1ng season nd lo nitrogen level, ra~seR f 1 
into f1 e grouping~ . First, reed canary, .entut'ky 31. fescu 
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nd intermediate wheatgrass performed the best on the basis 
of total dry weight of foliage. Second, slender wheatgrass 
nd Russian wild-rye produced the next best foliar yields on 
a dry weight basis. Third, sand lovegrass and side-oats 
grama had the poorest foliar growth and should not be fully 
evaluated from these results since their germination and 
stand were poor from the start. Fourth, western wheatgrass 
and blue grama did not have sufficient stand from germination 
to be properly evaluated . Fifth, buffalograss had a fair 
germination and stand but did not grow much above a three inch 
height . It 1s a slow growing grass under cool seasonal tem-
peratures and low nitrogen. 
Kentucky 31 fescue produced more roots and sod than 
other grasse • 
This research, concerned with the problems of deicers 
and their adverse effects on vegetation along Iowa's highways, 
has provided a basic foundation for continued study in tht 
area. Problems that develop along thousands of grassland 
acres along Interstate systems throughout the United States 
will present challenges to others in the broad and growing 
area of roadside turfgrass management . 
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